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University of New Mexico assumes any liability
for its content or the use thereof.




INTRODUCTION

This is the third gquarterly update for 1978 in the Heat Pipe
Technology Bibliographic series.

was due primarily to the large number of vapers presented at
the Third International Heat Pipe Conference held in Palo Alto,
California, May 22-24, 1978, Several new nublications are
included under the category "General Applications." There

is considerable activity in heat pipe apvlications for the
aerospace industry, and with the need for verification of
theory, heat pipe testing and overation alsc continues to

be an active area of interest.

This guarter has seen increased activity in all areas. This

A library containing scme of the articles and nublications
referenced in this bibliographic series has heen established
and the Center will, on a cost-racovery basis, aid readers
to obtain copies of any cited material. Although a consid-
erable effcrt has been made to insure that the bibliographv
is complete, readers are encouraged to bring any omissicns
to the attention of this Center.

-

Darryl L. Noreen
Editor
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GUIDE TO USE OF THIS PUBLICATION

A number of features have been incorporated to help the reader use
this document. They consist of:

-- A TABLE OF CONTENTS listing general categories of subject content
and indexes. More specific coverage by subject title/keyword and
author is available through the appropriate index.

~- CITATION NUMBERS assigned to each reference. These numbers, with
the prefix omitted, are used lqste=d of page numbers to identify
referances in the various indexes. - They are also used as TAC
identifier numbers when dealing with document orders; so please use
the entire (prefix included) citation number when corresponding
with TAC regarding a reference. An open ended numbering system
facilitates easy incorporation of subsequent updates into the organi-
zation of the material. In this svstem, numbers assigned to new
citations in each category will follow directly the last assigned
numbers in the previous publication. The citation number of the
last reference on each page appears on the upper right-hand corner
of that page to facilitate quick location of a specific term.

-=- A REFERENCE FORMAT containing the TAC citation number, title of
reference, author, corporate affiliation, reference scurce, contract
or grant number, akstract and keywords. The rzference source telils,
to the best of our knowledge, where the reference came from. If
from a periodical, the refarence source contains the periodical's
title, volume number, page number and date. II for a report, the
reference source contains the report number assigned by the lsqulng
agency, number of pages and date .

-- An INDEX OF AUTHORS alphabetized by author's last name. A reference's
author is followed by the reference's citation number. For multiple
authors, each author is listed in the index.

== An INDEX OF PERMUTED TITL:S/KEYVORDS affords access throuch major
words in the title and through an assigned set of keywords f{or each
citation. A reference's title is follcwed by the reference's cita-
tion number. In the indexes, all the words pertaining to a refer-
ence are permuted alphabetically. Thus, the citation number Zfor a
reference appears as many times as there are major title words or
keywords for +that reference. The parmuted words run down the center
of an index page. The rest of the title or keywords appear adjacent
to a permuted word. Since a title or set of keywords is allowed
only one line per permutad word the becginning, the end, or both
ends of a title or set of keywords may re cut o-_, or, if space
permits, it will be continued at the cpposlze s ‘de of the pacge until
it runs back into itself. A ¢ indicates the end of a title or set
of keywords while a / indicates where a title or set of keywords
has been cut off within a line.
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I.  GENERAL IWFORMATION, REVIEWS, SURVEYS

HP78 10009 INTERNATIONAL ¥EAT PIFE CONFERENCE, 3RD, DPALO ALTO, CA, May 22-24, 1978,
Technical ZPapers, Members, $43; Nonmembers, $30

444 p., 1978, Conf. spons. by AIAA, Inc., New York, NY
Avail:AIAA

The development of an axially grooved heat pipe withh nonconstant groove width is
considered along with a variable conductance nreat pipe for terrestrial agplications,
experiments with gravity.assisted heat pipes with and without circumferenctial grooves, tie
supersonic flow of vapor in the ccnceQaatLon zone ©of high :em erature heat pipes,
numerical calculations on the vapor flow in a flat-plata heaz pipe with asymmetzical
boundary conditions, entrainmenc lxm.ts in heat pipes, the d-v-ou- lizmits oZ gravity
assist heat pipes with capillary flow, the performance avaluation of gravity-assisted
copper-water leat piges with ligquid overfill, and emerging heat pipe applications.
Attention is also given to heat pige mirrors fecr nigh power lase:a, a sodium vapor heat
pipe laser cell, technical applications of heat pipes in the low and high-cemperature
range, compatinility tests of varicus heat pipe working fluids and structural materials
at different temperatures, a gas-controlled thermostat, the investication of a cryogenic
thermal diode, the reliability of low~cost liguid metal heat pipes, and a thermal canister
experiment for the space shuttle.

HP78 10010 3RD INTERNATICONAL HEAT PIPE CONFERENCEZ, ABSTRACTS OF PAPE

8 p., May 22-24, 1978, Palo Alto, CA
Avail : TAC

The abstracts of the papers presented during the 13 sessions of this 3ré Annual
International Heat ripe ConZerence are presented in this sumary. The subiects covered
include heat pire cerZormance limits, terresszrial applications, evaporaticn and
condensation, gas-loaded heat pipes, cryogenic heat piges, space applicatiorns, cooling of
electrical ccmponents, and llqu;d metal heat pipes.

EP78 10011 2ND AIAA/ASME THERMOPHYSICS AND HEAT TRANSFER CONFERENCE, ABSTRACTS OF PAPERS

16 p., May 24-26, 1978, Palo Alto, CA
Avail:TacC

The 2abstracts of the papers presented during the 24 sessions of this 2nd Anausal AIAA/
ASME Thermophysics and Heat Transfer Conference are presented in this summary. A broad
range of subjects is covered, including heat vipes.

HP78 10017 HEAT PIPE: A NEW TECHNOLOGY COMES CF AGE

Ranken, W.A., LASL, Los Alamos, NM, Enexrgv, Stamford, CT, V 2:28-30, N4, 2 refs, Fall 1977.

The dewvice makes use 0f a working Zluid wnose latent heat of avaporation is transferrzad
from a heat source %o a.heat-utilizing medium bv means of an evaporation-ccndensacion
cycle. Condensed licuid is returned to the Reat source (tle heat pilpe evagorasor) oy a
self-contained pumging mechanism. Heat pipes have been constructed with an aguivalenc
thermal conductance =ore zhan t=en thousand tires graacer =lan coprer. Heat pipes can be
constructed to serve such funczions as precision temperature coatrol, one-way cransmission
of heat (thermal Ziode), and heat flux amplification or dinmiauticn. The working Zluids
that can be used to achieve these erffects range from liguid avdregen -or cryocenic
temperatures to silver and copper at verv high tamperatures. Ap;:ox-ma~51v 75 sercenz of
the current market Sor heat sipe snergy recovery units is for HVAC svystams for buildings
where their use substancially reduces Zuel raquiremenzs or heatinag 1n winter and rseduces
Power requirsments Ior air conditioning during summer. The remaining 25 percent of ti
market lies in :industrial processing applicaction. In adéizion =2 zheir rale ia energy
conservation, hea:t pipes appear promising for the primary gasifier unit [methanatsr) in
eoal gasification. This proposed application is considered in some datail.

gP78 100l3 H=AT PIP®ES, Volume 3, March 1976-March 1978, (Citations Trom The NTIS Data 3asa)

Reed, W., Pepz. Supersedes NTIS/PS-77/0275, NTIS/PS-75/0249, NTIS/PS-75/317, Vv 1, 1964-72,
NTIS/PS-76/0248, Vv 2, 19713-Feb. 1976, NTIS/PS=77/0274
Avail:NTIS
Theory, design
these federally s
heating and air =
Teactors, c<ool:ing e
apnstracts, 32 of wnich a

, fabricaticn, testing, and overaticn oI heat dises are present2d in
consored researsh r2zO0rts. applicacions ara described in the areas of
sncéics 3, cower gzeneration, eiectIoniss <¢Toling, spacecrait, nuclear

, and thermeodynamics. (This updated diblicgrazhy contaxins 170
e new entries To Tie Jrevicus 24i:zicn.
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HP?78 10014 H=AT PIPES, Vol:z—e 3, April 1977-March 1978, (Citations from the Engng. Data

Base)
Reed, W., Rept. supersedes %TI3/?S-77/0276, NTIS/PS-76/0251, vV 1, 1970-73, NTIS/PS-76/0250,
v 2, 1974-March 1977, NTIS/23-73/3303 185 p., 1378
Avail:NTIS

Research re=ports gover nerxzodynamics, design, fabtication, and apolications of
heat pipes are cited frs: 2 literature. Applications are described in the areas of
electrorics zooling, scace tn2rmaln control, heat exchangers, heating and refrigeration,
and waste heat utilization sgdated bibliography contains 178 abstracss, all of

which are new entries to &

i

HP78 10015 HEAT PIPES, Voluze 2, 197i-March 1977, (Citations From The Sngng. Data Base)

Reed, W., Rept. V 1, 1970-73, HTIS/PS5-76/0250 223 p., 1978
Avail:NTIS

Research reporss covering =he =hernodynamics, design, fabrication, and applications of
heat pipes are cited from wcrlZiw:de literature. Applications are described in the areas
of electronics ccoling, sgacecrai: zhermal control, heat excharngers, heating and
refrigeration, and waste heat iziiization. (This updatad bibliography- contains 216
abstracts, ncne of which are new entries to the previous editicn.)

PRSI
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IT.  HEAT PIPE APPLICATIONS
II. A. GENERAL APPLICATIONS

HP78 20007 NOVEL HEAT PI?E COMBINATION

Arcella, F.G., US Patent no. 4,367,237, Jan. 10, 1978

* The basic heat pipe principle is emploved in a heat pige combination wherein two heat
pipes are combined in opgosing relacicnshiz to form an integral unit such that the temperature
heat flow, thermal characteristics, and temperature-related parametars of a monitored
environment or ocbject exposed to one end of the heat pipe combination can be measured and
controllied by contreolling the heat flow of the opposite end of the heat pipe combination.

3p78 20008 EMERGING HEAT PIPE APPLICATIONS

Basuilis, A., Formiller, D.J., (Hughes Aircrarft Co., Torrance, CA), 3rd Int. Heat Pipe Conf.
Tech. Papers, p. 359-62, May 22-24, 1978, Palo Alto, CA, AIAA, Inc., New York, NY, A78-3538S5
Avail:AIAA

The article discusses the application of heat pives in various indusctrial, military
and space proiects. Several tvpes of heat pipes are described, including simple c;l-nar;ca;
heat pipes, swizching heat pipes, thermal diodes, variable conductance heat pipes, and vapor
~hambers. ©Potential future applications of heat pipes are identified in the fields of
« lectronics, spacecraft thermal control, heat pipe recovery systams, and m;sszle arplications.

;P78 20009 TTCHNICAL APPLICATIONS OF HEAT PIPES

3rost, C., Groll, M., Muenzel, W.D., (Stuttgart Universitaet, Stuttgart, W. Germany), 3rd
Int. Heat Pipe Conf. Tach. Papers, . 380~37, May 22-24, 1973, Palo Alto, CA, AZAa, Inc., New
York, NY, A78-35389
Avail:AIAA

HEeat pices have been developed to prototvpe and series-~production level for various
commercial applicaticns. The low-temperature applications comprise high-performance f£ixad
conductance and variable conductance heat siges, and heat pipe diodes Zor spacecrait thermal
control; grav1tv-asszst=ﬂ heat pipes for plastic Iiber »rocessing; heat pipes fer coocling of
°lect:;c motors andéd high-power semi-conductor devices; axial groove heat pipes Zor waste heat
Tecovery units. The high-temperature applications comprise annular alkali-metal heat pipes
as isothermal inserts for tubular furnaces, as black-body radiators, anéd as pvrolysis-
¢leaning furnaces; heat pipe heat transport system for Stirling engines.

AP78 20010 HEAT TRANSFER DEVICE

8rost, 0., Schubert, ?., Groll, M., Zirmerman, P., German (FRG) Patent 2,330,980, April 17,
1975, In German

The invention deals with an improvement of the heat transier dev1c° cnown as "“heat
tuce"” where, independent of the direction of the heat Zlux, wvery exact stabilizing of the
orerational temperatur2 is possible. It is groposed that a connectinq ~i'-e originating in
the gas reserveir zasses through the champer and is provided wit 1 oveniags in the range of
the cooling and neating zone. This connecting pipe and the gas raservoir have capilliary
structures along their inner walls which are ccnnected with each other and with the chamber.
Advantageously, =he connecting pipe is additionally enclosed by a. jacket.

HP78 2n0ll THE ABSOLUTE PHOTOABSORPTION CROSS-SECTION OF ATOMIC SODITM IN THE REGION ABOVE
THE 22 THRESHCLD (45-250 =W

Codling, K., Zamley, J.R., West, J.B., (J.J. Thompson Phys. Lab. Univ. of Reading, Reading,
Zagland), J. Phys. 3., V 10:2797-2807, 1377 ’
No abstract available

[
L)

"3 20012 ALASKA LINE DEVILOPS NEZW TECENCLOGY

)
O
o

gTa 3.2., Cil Zas J., 77 T3:385~95, 101-102, 134, 109-11l, N43Z,
3 iiicant dewelocments zand t2chnizues used ia che desizn and 1 of the
S-A.33K& Pigeline are nizhlighzed. 3Some oI these methods were ra
STural ianzegricy of zhe oio ne angé its 1ecessary supporting 2 thers
d2sizned =z froszact both = sizeline and the Alaskan Irznziss and izc=
?;:3::3. Scegiz2l Tonsice ns were jiven o eat Tirces o ma Ixost inoa
+2 cgnalicn, cathedis srsc lon 2 Zrz2vent Sorrssizn, ani Lns zaz2 and
X val-ves Sor assuring zhe azing wntagricy and 2rstection oI cur=es and
snvironmans,
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P73 20013 PREVENTION OF PREFERENTIAL 3RIDGE ICING USING HEAT PIPES, Executive Summary, Aug.
T 1375-Sept. 1976 .

Ferrara, A., Yenetchi, G., (Grumman derospace Corp., 3ethpage, NY), Sept. 1376

This report Zescriles the results of a 27-monta analytical and test program to
investigate the use of heat pipes and renewable energy scurces (specifically sarth neat) to
avoid the preferential f-eezing ¢f highway bridge decks. 3Based on computer simulations of
typical prel ferential icing events (davs), a siangle-svstem desisn is reccmmended Sor most S
locaticns. This design consists 9f nominal 0.35-in heat pipes at the slab mid-plane, cn 23-
cm centers, connectai O nominal two-ia heat pipes in fhe grounq via a pumped £fluid lcop,
with one m of earth heat sipe provided Zor avery 0.3 m° of br idge deck., The report also
srovides preliminary assessment of the design raquirements and costs of an alternate solar
collector design. It concludes chat the solar collector design may offer =conomic advantages
over the. earti heat pipe svstem, and thus should be investigated further.

#P78 20014 AN INVESTIGATION OF ELECTRCHYDRCDYNAMIC HEAT PIPES

Loehrke, R.I., (Dept. Mech. Engng., Colorado State Univ., Fort Collins, CO), Sci. Tech. Aerosp.
Rept. ¥V 15:51, N13, 1977, Abstract ao. N77-22422
No abstract available

EP73 20015 HEAT DIPES AND THEIR APPLICATIONS
Marinet, J., (Univ. de Paitiers, Poitiers, France), Rev. Gen. Therm., V 16:863-38Q, N192, §

rels, Dec. 1977, I“ renchh with 3nglish abstracs
The pra cal aspects of heat pipes for construction of heac exchangers are reviewed.

HP73
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00l6 DEVELOPMENT OF AN OSMOTIC HEAT PIPE -

Minning, C.2., 3iants, T.W., Tleishman, G.L., (Hughes aAircraift Co., Zlectro Optical and Dat2
Srstems Group, Culver City, CA), (Huches Aircratft Co., Electron Dvnamics Div., Tcrrance, C3),
3rd Int. Heat Pipe Conf. Tech. Papers, 2. 327-334, May 22-24, 1978, AIAA, Yew York, NY
Avail:azIaa

The osmotic neat pipe differs from a conventional heat pipe in that a semi-germeable
membrane, instead of 2 capillary wick, is used to pump liguid Irom the condenser Lo zhe
avaporator. Basic performance characteristics, membrane materials, and some problem areas in
the design of these new devices are described in derail. An experimental apparatus has been
designed and huilt %o measure solvent permeation rates, as well as memtrane semi-permeability.
Test results are presented for two membrane samples using an agqueous sucrose solution. -

4p78 20017 DOEMAND SENSITIVE ENERGY STORAGE IN MOLTEN SALTS

Nemecek, J.J., Simmons, D.E., Chubb, T.A., (E.O. Hulburt Center for Spacs Res., Naval Res.
Lab., Washingten, D.C.), Solar Znergy, V 20:213-217, N2, 3 refs, 1973

Heat-of~-fusion energy storace and on-<demand steam ars obtained using heat pipe
technigues to transfer heat t2 and from stacked salt cans and onto boiler tubes with a sealed
"energy storage boiler" tank.

4P78 20013 4EAT PIPES: A NEW DIZCASTING aID

feav, D.A., (Int. Res. and Dev., Ltd.), Chart Mech. Engng., V 25:39,81-62, N2, Feb. 1978

The heat pipe has for several vears been the subject of discussion ia papers on
sressure diecasting and a number of "ad hoc" zests have been carriad out on i3 uae as an aid
=0 die cooling. The ar :vc-e discusses research carried out in 3ngland to investigate such
applicacions. It covers selection of workiang fluids, performance cacabilicy, 1ifa of heat
Pires, and their Location ina dies.

2278 20019 CPT NICHE TOR HEAT PIES?

, New YZork, NY, 7 85:34-36, N2, Jan. .6, 1373

Rice, L.J., Chem. Ingng.

This zaper is cconcerned with design andé apolilications in -ne chemical incduscrv =2 heat
2ives, whizh long limized 5 elaczsanics zand ventilating siles, ars noOW takilg on 3rocess and
soiler applizacions. Most C?I firms tmhat fave =asted tie devicses :ecently Ior wasta2-neat
:ecove:y nave teen pleased. Cesisn and ogeracional Zetails o7 a heat-zite Srimer ire gsiven. ’
In Tation, 2 workeng Iluiéd saturases a wick :.a\ Lines <zhe walls 27 a sealad avacguatzad
:1a. e:. When neat 1s abscrzed at one and 27 e devizce, 1z awvagoractes .izuld from tne wilk,
froducing a Local pressure buildup. The vaper “Zzen 51:ws 20 the Ioolar saczicn of <he
STntainer, whers 1: gsondenses, surrendering

scmes.nes aided bDv gravizy! sasuras zhe
fezariless 37 Seat-souIls iemreramura var
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BP78 20020 ENERGY STORAGE AND TRANSMISSION 3Y C2EMICAL HEAT PIPE

vakil, A.8., (GE Co., Schenectady, NY), 1977

A chemical heat pipe (CHP) is a concept of transporting and storing high grade thermal
energy by the use of reversible excothermic/endothermic chemical reactions. It ambraces
three major areas of @nergy management: enercgy transmission, storage, and conservation.
The importance of these three areas stams from the projected shoritages of prime fossil
fuels, the desire to substitute oil and gas by coal and auclear energy, and tie necessity
of minimizing for=2ign ©il imperss required to maxke up the energy deficit. The scheme is
examined in detail with emphasis on the CHy + Ho0 T CO + 3H3 and CgHg + 3H2 T CgHi
reacticns.

HP78 20021 HEAT PIPES AND THEIR USE IN TECHUMNOLOGY

Vasilyev, L., (¥ASA, Washing<on, D.C.}, Inzh. Fiz. 2Zh., USSR, V 21:305-307, Y5, Jov. 137s,
N78-18357/1sL

Heat pipes may be employed as temperature regulators, heat dicdes, transfiormers,
storage batteries, or utilized for transforming thermal energy into mechanical, slectric,
or other forms of energy. General concepts were estahlished Zor the analysis of the
transfar process in heat pipes. A svstam of equatiocns was developed to describe the
thermodynanics of steam passage through a cross-section of 2 heat gipe.

=i. B. ENERGY CONVERSION

HP78 21013 OPTIMIZING A LOW-COST SATELLITE TNERGY SYSTEM

Orummond, J.Z., {(Maxwell Labs., Inc., San Diego, CA), Proc. of l2¢h Intarsoc. Energv
Conversion Engng. Conf., V 2, 1977, Am. Nuclsar Soc., Inc., La Grange Park, I

The potential advantages of proposed geostationari..power satellites Srustratad by
probably icnospheric damage and high cost encouraged the derivation and now the
optimization of a modified satallite power system using lower, sun~-synchronous orbits
designed to minimize the limizations while avoiding cr2ation of comparable new limitations.
Thg previously proposed iso-insclation power satsllits (IPS) svstem would, among other
things, eliminats localized enhancement of electron density in the ionosthere arising
from and deflacting microwave transmissian froam pawer satellites, introduce a new
satellite Zorm which apcears to be an improvement on currant Zesigns, significantly -
reduce fower converter mass through utilization of a ferrocelectric aeat 2ngine, and
greatly reduce the size and weight of both the transmiftting and receiving antennas due o
the much shorter mitrowave link. t appears that a rslatively simple derivative of the
space shuttle could pe used to implement the I2S svstem, and that, once implemented, such
a system could orovide zcower csntinuously worldwide at a cost significantly lower than
fossil or nuclear sower. A cendition on the systam's aconomy is that it must have load
centers distributed throughout the world including the cceans whers hydrogen could be
preduced. for mobile vehicle usa.

H278 21011 SPACT SOLAR .20WER STATIONS

Vanke, V.A., Looukhin, V.M., Savvin, V., (Moskovskii Gosudarstveanvi Universitet,
USSR}, Uspexhi Fizicheskikh Yauk, V 123:633-5833, Dec. 1377, In Russian, A78~27442
The paper surveys =he current status of studies on solar zower stations in
geosynchronous orbit, which would convert sclar enerzv into =lectric power and transmit 1
0 earth by microwave. 3asic schemes for such a systam are sresented, 2conomic estimates
are made, and the proscects Zor developing orbiting solar power stations ara discussed.

Moscow,

-
-

+~+ <. ZINERGY CONSZRVATION, SCLAR, NUCLZAR, AND OTHER ZINERGY 3YSTEMS

PSR

4278 22913 PROCIEZOINGS CF THEZ ZIRCA WORX3HCP ON TLUID WASTZI HEAT RECIVERY AND UTILIZATION,
1377

Anon., (Washing=zn 3ci. Mark, Ianc., Wasaingson, 3.C.), 2roc. of IRDA Workshep sn Fluid

Waste Zeat Recowverw and Utilizatisn, Wasiaingeza, 3.0., 127 o YNew. 1T-13, 1873, 3D,

Siv. 2I Iné. Znersy lconserw., Wasningezon, 2.2., tv Washingzon 3¢i. Mark, Iae., Washiagson,

s.2.

L. T AT
avail;nllz
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The objective of this workshop was to develop specific ideas for research, develcpment
and demonstration relating to the utilizatiecn of Zluyid waste strzams in the temperature
range of 1009 to 200° F, which.are generated bv industrial processes. The participants
were industrial engineers, executives, and researchers xnowledgeable of the chermodynamic
processes within their wvarious sectors. Jcining them were technologists specializing in
concents which could ke utilized for £luid waste heat augmentation. These areas cf
expertise included heat excnangers, heat pumps, heat pipes, and solar utilization
techniques. Ninety-three stecific reseserch and development ideas were Iormulatad by %the
particigants. £EZach oI these projects was evaluatad Ty the groups in terms oI energy
conservation potential, =ime and money required Zor RD&2, and orobability of

implementation. A descriprtion 0f the recommendations generated during the workshop is
contained in the final appendix.

HP78 22033 ENERGY STORAGE: USER NEEDS AND TECHNOLOGY APPLICATIONS, CONF. PROC., 1976

Anon., User Needs and Tech. appl. Conf. Proc., Pacific Grave, CA, 424 p., Feb., 8-13, 197s,
Tech. Info. Center, Qak Ridge, TN, CONF-760212, Publ. ZRDA, 1877
Avail:NTIS

Proceedings include 21 papers on industrial needs for energy storage and the
develooment of new energy storage tachnologiss. Among the topics discussed are energy
storage Ior eccnomical load management by electric utilities, optimization of energy
storage facilities of alectiric power svstems, financial barziers to the widescraad
introduction of residential-type energy-saving heating and c¢ooling equipment. the attitude
of environmentalists foward energy storage, the advantaces and poctential of batteries for
energy storage, a progress report on the use Of hydrogen Zor energy storace by alectric
utilities, energy storage and transmission by chemical heat: pipes, surface and underground
sumped-hydro storage and compressed-air storage systems, thermal energy storage in phase
change materials and in ceversible chemical reactions, and flywnheel and superzcnducting
magnetic energy storage systems.

HP78 22047 SUN BUCKXET MARK IV

Anon., (Mann-Russel EZlectronics, Inc.) e
A sun-tracking solar collecter using Si-solar cell powex supply is cdescried.

HP78 22041 RESEZARCH APPLIED TO SOLAR-THERMAL PCWER SYSTIMS

(Minnesota Univ., Minneapclis, MN), (Honeywell, Iac., Minneapolis, My, 1974 N

Photographs, d;aqrams, tables, and graghs aze presentad on various aspect s‘o' solar
¢collecters, reflector 1l ests, heat pipes, solar absorter <oatings, <oOST analysis ¢ -
transfer loop systems, coolaown of abscrber tubes, thermal condugtivity of insulacicn, and
thermal storage.

HP78 22042 HEAT STORE FOR SOLAR INERGY UTILIZATION IN HEATING SYSTEMS AND WATER HEATING

Abhat, A., (Stuttgart Univ., (TH), Germany, F.R., Inst. Fuer Xernenergetik und
Znergissysteme), May 1977, In German

Valli?égi a survevy of the nain parameters Ssr neat sStore <constIu ;ion, a new_lategt-;eat
store concest is Gescrined which zakes account Of the axperience with storss in gx;s:;ng
solar houses. The new concept is based on a modular construction. EZach module has a
finned neat pipe partitioned into three compartmeats (store space, heat source Tegion, and
heat sink 'e&;én) The space bdetween the f£ins s fll;e Y%'? a storace material which
changes from the solid to cthe liguid gphase wnen heat 1s acdded. The tast model was
overatad with paraffin and wax ester. Finally, a :rc:csal is made for an integration of
she latent-neat store cocncept into a1 solar space and wata2r jeatciag syswam.

4973 22041 COMS SOLAR SNERGY PILOT STUDY: REFORT OF THE NINUAL MEETING

Allen, R.W.; 3lum, S§.: Zniv. of Marvland, ﬂal’ege ?ark, YD, Dggt.qog'xeff. Zagng., CCMsS
Salar ITnergy Pilot 3tudy Meetning, Cocenhagen, Sens mari<, Sept. =3 “278, 22 ;._~A

Sixreen of _na aineteen participating countIiss, 3LJS he Iuropean Communities,
aresencted <hei jaticonal Programs or sumaryzed che: :;unt:y 3 p;esen?_ac:zv::;es i
solar neating and zooling systems in zuiliings. :ola— aeating and 2ocling programs are

summarized Sor: australia, 3elgz:ium, Canada, :enma:k,_?e; ral ieoLbL‘? of Zarmanv, Trance,
Sreece, Iran, Israel, -t=aly, Jamaica, Moenacs, =he W=t~e{;anas: Sauwdl irabia, ::a-". Swedcen,
Tarkev, TSA, and =i :;:ngan communities. Summarias o7 tne 1275 speciai IoImat ISDOITS
are a*esen:e_. juscralian serisrmance data Sn thrse domestis ROT water sSYSTens Sreracing
AT s¥sStam solar 23ficiangias 2% 2 T2 22 zercent arae TazorT2d. 2 2::3;_&: _1-°;12 ;:::a:
I2TOIT summarizes :“; szatus of in annual soiar jeat storage < < solar
Reacing and meat sump 3vYs=am. The performance U Ing S=2rc 2 b 3 2
tme Zanisn resaors. The stazus o projects Lnotea: s anz azing 33
iescrized in sme raderal Fagusliz o3I Jermany 3 The s 2




concerns the thermal performance of the glazed solar heated masonry walls (Trombe wall) in
an experimental dwelling at Ocdeillo. A subsysten report covering the perfcrmance =f a
reflecting horizontal collector is presented by Greece. Sweden summarizes the performance
or projected pericrmance of three dwellings, The United States summary covers the
performance of seven svstems, including two solar heated schools, one solar heated and
cooled school, a solar heated and cooled residence, a combined solar heatzing and heat pump
residential system, an apartment domestic hot water svstem, and 2 large shallow solar bona
for supplying industrial orocess hot water. Projects Zor which special Zormat reports
will be prepared during 1977 are reviewed.

BP78 22044 X GRESNHOUSE SOLAR DISTILLATION UNIT COMBINED WITH HEAT FIPES (UNSTEADY-STATE
CONDITIONS)

Bairamov, R.3., Toiliev, XK., Mukhammetdurdyeva, 0., Int. Chem. Engng., V 15:454-456, N3,
July 19753
No abstract available

HP78 22045 HEAT PIPES IN FLAT-PLATE SOLAR COLLECTORS

2ienext, W.8., Wolf, D.A., (ASME, Selar Znergy Div.), Presented at Winter Annual Mtg. of
ASME, New York, NY, 1l p., Dec. 3, 1976
No apstract available

HP73 22046 APPLICATION OF CHEMICAL ENGINEERING 70O LARGE SCALE SOLAR ENERGY

Chubb, T., Nemecek, J.J., Simmons, D.E., (E.O. Hulbert Center for Space Res., Naval Res.
Lab., Washington, D.C.), Solar Erergy, V 20:219-224, N3, S reis, 1978

In the Solchem concept, sunlight is conversed to chemical energy in disbursed solar
furnaces. Products are viped to a central station wnere energy is stored as latent heat-
of-Zusion in a eutectic salt. Heat pipe boilers provide on-demand zower plant sceam.

2P78 22047 DEVELOPMENT OF A PASSIVE HEATING AND COOLING SYSTEM USING A PUMPED HEAT 2IPE,
First Quarterly Technical Progress Repor<s, Sept. 6-Nov. 30, 1977

Dieckmann, J.T., (Foster-Miller aAssoc., Inc., Waltham, MA), Dec. 1977
Avail:NTIs

The technical progress in the program versus schedule and budgetz is summarized. The
efiorts expenced on each task are discussed briefly.

HP78 22048 MINIATURE SOLAR-ZLECTRIC POWER SYSTEY

Orurmond, J., {Maxwell Labs., Inc., San D2ego, Ci), Proc. of l2th Intersoc. Energy
Conversion Engng. Conf., V 2, 1377, American Nuclear Society, Inc., La Grange 2ark, IL

The large =zhermal energy fluxes which can pe carriad by heat pipes make possible a
thermal-cto-elacsrical powar converter of compact design. One such system which has been
designed would consist of 22 staces of farroelectric heat engines, each emploving nearly- .
Carnot cycles and 23 intervening electrically actuated heat pipes. Zach stage would be
only 30 micro-merers thick; each heat cige only l.7 ¢m long. A XW converter would it
inside a box 20 cm? x 45 cm high. It would weigh enly 3 kg and would pay back the energy
required for mining, refining, and combining the matarials of which it is constructed in
22 days at a guarter of its peak power output. JApplication in a home solar-alectric and
neating system is i1llustratad.

#P78 22049 DEZVICT TOR GAS GENERATION

Querrfeld, R., Van Heek, X.H., Sittighofer, Z., Xinzler, F., Gaessler, H., Schait=ko, d.,
Garman (FRG) Patent no. 2,423,951, Dec., 1276, In German
For =le groducticon of water gas Irom coal, the laventor Droposes <o use 2 stationars

cylindrical rewors working under incr=asad pressura, wizh heat input 5y means of teating
PiPes. 7Tor this neating, the heat 2neryy of a zas should e used which is won in a i
nuc{ear T2actor. The intarnal room of zhe gasiilication reactor is sompesed of a
PerIorated low tube in which the steam is Zed. This steam Zorms a Sluidized bed of the
Eedlf;ne-grained c2al in the larger ugper zcom. The heating zices zlunce in =iis
;;u;;zzed sed. 0Out 2f this rcom, the rasidues 3nd che sroduced watar jas shculd o
2ischarged. Tor the zegulation of the 2sal thrsughout, tie r2tcrt or <Re Sub Must tave an
aclustaple inclination ia the directisn of the sutlet sida. Furtier slaims concern the
2esizn =3I the cooling and :=he ar-angemens o the nhearing sipes.
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278 22050 PEXFORMANCE CHARACTERISTICS OF POTASSIUM HEAT PIPE LOADED WITH ARGON

Fukuzawa, Y., Fujite, Y., (Dept. Nuclear Engng., Osaka Univ., Suita. Japan), J. Nuclear
Sci. Tech., V 15:109-119, 1978
No abstract available

BP78 22051 SOLAR ENERGY USES, SYSTEIMS, EXPERIENCES, SYMPOSIUM AND ROUNDTABLEZ CONFERENCE

Genrke, H., Sclar Energy Uses, Systems, Experiences Symposium and Roundtable Ccnf., Proc.,
In German

The operation of steam heat-pipe collactors (surface - §3 m2 scorage capacizy - 7 m3)
with a plexiglass double-plate cover for space heating and service hot water neating ia a -
single-family home (130 m< living area to be heated) in Essen, W. Garmany, is described.
A simplified lavout of the system is presented. During one vear, the energy gain was
285 xWH m2-collector or a total of 18,500 kwWH (24 percent of vertical solar radiation).
Backup heat is provided zy an electric heating systam. 3ased on the data and exterience,
a collector was developed and is being offsred on the market for solar heating and hot
water heating. An annual energy gain of 230 to 250 kWH/m2 in Central Europe is
anticipateéd Ior the systenm.

4P78 22052 SPECIFYING S7STEM COMMISSIONING FOR HEATING, PIPING, AND AIR CONDITIONING
) SYSTEMS

Gupton, G.W., (Gupton Engng. Assoc., Inc., Atlanta, GA), Heating, Piping, Air Coaditioning,
V 49:87-92, N11, Nov. 1977
No abstract available

§P278 22053 SAFETY CONSIDERATIONS IN A NUCLZAR ZLICTRIC PROPULSION SPACICRAFT

(V1)

s D., (JPL, Pasadena, Ci), J. 3Spacecrait ané Rockats, V 14:738-781, N12,
19 refs, Dec.
Some nuclear safatv aspects of a 3.2-MW¢ neat-pipe-cooled Zast reactor with out-oi-
cre thermionic conver=zers are discussed. Safetvy-related characteristics of che Zesign,
including a thin laver of 3 4C surrounding the core, the use 0f nreat pipes andé 32e0
reflector assembly, the eliminaticn of Zuel element bowing, ets. are haighlighted.
Potential supercriticality hazards and countermeasures are considered. Impacts of scome .
safety guidelines of the space transportation system are also discussed brieifly. Twelve
refs. should result in a thruster that has a highly unifcrm peam profile, good perZormance, .. -
and a low double-ion populaticn. Experimental results indicate that at apout the same
thrust and rerformance levels, the beam flatness carametar of the modilied thruster is -
40 percent 2igher and the ratio of the double~-to-singla ion beam currents is about 40
percent lower than the values measured in =he SZRT II thruster.

gp78 22054 SOLAR COLLZCTORS: TECHNIQUE AND MODE OF OPERATICN

Xalischer, 7., 1977, Ia German :

Design characteristics and 2fficiency of diffarent flac-plate collectars (classical
tvce, heat-digfe collector with vacuum iasulation) used in shotothermal =ransformazicn of
solar energy intc low-temperature heat are discussed. Structural measures o improve
eZiiciency of solar collectors and opveracional reguirements are Jutlined. Tyrical uses of
&9

flat-plate colleczors are demonstrated by Sour examples: heating of public oven-air
swimming 00ls, service hot water heating, space heating, and air ccenditloning.

8773 22035 REACTOR AND ADVANCID HEAT TRANSFER TECENOLOGY

Rirk, W., Energy Tech. Progress Repor+s, Jan.-March 1377

3 . A description of the grogress in programs i1n 1eat pipe Zesign, develocment, and
sasricacion Zor a variaty of applications is presentacd. LASL 2IfSrts suprorsiag the
~avestlgation of hign-temperaturs reactdrs for Frocess eat applicazions, and a study e2ffors

.d -
=3I a space slectric pcwer suptly (SEPS) are descriced.
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HP78 22056 A LARGE-SCALE HEAT ZXCHANGER WITY POLYGOMALLY CONFIGURATEZD HEAT PIPE UNITS

foizumi, T., Furuya, S., Matsumoto, K., Xarawawa, X., (Furukawa Eleceric Co., Ltd., Teckyo,
Japan), 3rd Int. Heat Pire Conf., Tech. Papers, Palo Alto, CA, p. 76-79, May 22-24, 1978,
AIAA, Inc., New York, NY, A78-35338
Avail:AIAA
A large-scale heat exchanger with polvgonally configurated heat pige units is
bol

proposed for heat racovery systam with large gas ficw rate. The length of a heat pipe is
restricted by the maxiaun heat transfer limit and the limit of fazricaticn, and thsrefors,
the height/width ratio oI the Zf2ce area peccmes unbalanced if the heat pistes ars

arranged in tradiclional rectangu.ar srism configuration. This makes the installaction
space unfavoraply large and uzsv.m. trical, and than dusting work alsc beccmes muct Tore
difficult. The 2rcblem ca2n be so.].ve'a oy ingtreducing a novel arrancement of heat zice
elements in 2clvgonal :anfig"-atxon. This paper descrizes outline of the large neaz

exchanger, some design examples and experimental resulzss of a model heat exchanger with
hexagonally configurataed neat pize units. :

HP78 22057 HEAT RECOVERING TECENIQUE BY USING HEAT PIPES

Roizumi, T., Matswnoto, X., {Furukawa Electr. Co., Tokyo, Japan), Xeiso, V 20:45-30, 1977
No abstract -available

HP78 22058 ©PROPOSAL TO UTILIZE FUSION REACTOR ENERGY SOURCES FCR CHEMICAL ?ROCESS APPLICATICNS

i:ikotian, 0.H., (Univ. of California, Livermore, CA, Lawrence Livermore Lab.), Sept. 22,
977

We propose to study the utilization of high-temperature (approximately 2000-2500 X)
process heat {rom fusion reactors for large-scale chemical process agplicacicens. 0OfF
particular iaterest is the decomposition reaction, CO2 vields CO + 1/207, which at 2500 X,
should vield approximatzely 60 percent conwversion o CO if 02 is par=iallv rsmoved throucgh an
oxide membrane. Hvdérogen can be derived from CO 2t lower temperatures bv rsaczing CO wizh
steam, and C zan also te derived fxom CO by a dissroporticnacion iato C ané COs ac
approximately 1000 X. These chemicals, CO, H3, and C, form the tasis for a multitude of
non~-electrical enerzy asplicacions in the areas of transporzacticn, industrial processes, and
residential and comrmerc:ial uses. In addition to yne CO; decomposition process, we Dropose to
explore a variety of ideas and evaluate thenm for scientific and economic merit. A follow-on
research and develcpment program will be proposed if the ideas prove promising.

HP78 22059 TEE CHARACTERISTICS OF HEAT EXCHANGERS USING HEAT PIPES OR THERMOSYPHONS

Lee, Y.: Bedrossian, A., (Dept. of Mech. Eagng., Univ. of Ottawa, Ottawa, Canada), Iats. J. of
Heat andé Mass Transfar (G3), V 21:221-229, N2, 1978

The characzteristics of counter-flow heat exchanger units, using heat pices or Lwo-
phase closed thermosvchons as the heat-transfer element, are studied experimentally and a
simple analytical model was developed to predict the performances of such units using ’
thermosyphons. The naximum heat-transfer rata has a unigue functional ralaticnship between
the ratio of two stream mass flow rates and the ratio of neated to cooled lengths of the
heat transfer elements, recardless of element bundle gecmezTies.

#2789 22060 COST-ZIFFECTIVENESS STUDY OF HEAT PIPE HEAT EXCIANGERS

-

MTg. ?rce., Azlanta, Ga, 2., Nov, 27-Dec. 2, 1377, A78-33171, Memzers, $1.3Q,
N01-~enae—s, $3.2¢ ’

Lu, 0.C., Feldman, X.7./Jr, (Univ. of Yew Mexico, Albuguercue, NM), ASME Wintar Annual
G 7

174

The initial costs of three =vpes of heat pire heat exchangers are presentzad alumi nunm-
freon 1l for the temgerazure range Srem -23 C %5 121 C, copper-watar for 385 ¢ =3 232 C,
and carton sta2el-dowtherm A Sor 120 C o 400 C. An optiaizasicn scmputer sIogram Ior che
CSst~eifectivensss analysis L3 develc;ed, which takes into consiisrazicn the cos=s for
equisment, iastallaticn, craraticn, and maiazanance. Aan cpeimizacsicn aexample is siven for
a_carseon steal-dowtiierm A neal pite heat axchanger Zesizned T3 racover hea: from the 3334
2=/a1a of 316 C flie gas exhausting Irom tae university heatiag slant soilars.

O
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HP79 22061 SOLAR ENERGY CCLLECTIOR

Meckler, G., US Patent no. 4,027,633, June 7, 1977
Avail:Patent Office

An infrared solar energy collector is disclosed. The collector comprises a heat
absorber which, in a firet embodiment, is a tube through which a heat transfer £fluid is
circulated. The heat absorber is disposed within a larger glass tube. In a modified
empodizent, the heat absorber is in the Zorm of a aheat pipe which conduc-a heat to a heat
transfer fluid circulaced througn a manifold. A wick carsving a volaci £luid may also
surrouné the heat pipe. Absorbed heat evaporates the fluid which is in turn condensad on
the cocler manifold. Either the entire interior of the glass tube surrounding the aeat
absorber is under reduced pressure, or an annular regicn between th® surrounding glass
tube and a second larger diametfer surrcounding glass tube is under reduced pressure. An
energy director, such as a reflector within the enclosing glass tupe, directs solar energy
on the heat absorber. The relative positions between the energy director and the heat
absorber are changed progressively during the course of each day %o enable the maximum
utilization of solar energy.

fAP78 22062 OPTIMIZEZE OUT-OF-CORE THEZRMIONIC ZNERGY CONVERSION FOR NUCLEAR ELECTRIC
PROPULSION

Morris, J.F., (NASA, Lewis, Cleveland, OH), Conf. for Presentation at Iat. ConZ. on Plasma
$ci, Monterey, CA, 153 p., May 15-17, 1978, Spons. py IZEE, N78-17356/3SL

" Current designs for cut-of-core thermionic energyv conversion (TEC) to power nuclear
electric propulsion (NEP?) were evaluated. Approaches to improve out~of-core TEC ara
emphasized and probabilities for success are indicated. 7TEC gains are available wikh
Aigher emitter temperacures and great=2r power densities. Gocd potentialities Zor
accomodating external high temperature, high power density TEC with heat pipe cooled
reactors axisc.

#278 22063 HEAT PIPES TOR SUN ZNERGY CONVERSICN e

Tehnice si Fizice,
izice, Polyestar
o)

Murgu, 2., Murgu, D., Cojocaru, L., Huzum, M., (Cantrul ce Car.eta:i
. 408-413, vay 22-24,

lasi, Rumania), Tvardocchlieb, E., (Centrul de Carcatari Tehnlce si
Fibers Plant, Iasi, Rumania), 3rd Int. Eeat ?ipe Conf. Tech. Pa ers,
1978, AIAA, New York, NY, A78-3%5632

Heat pipes fabricated from copper and emploving orsanic Zluids or water as the
working £luid have neen develored for use with =o;ar collec*ors The gravity pipes wera
tested for operaticn at angles of inclination Irom 0 to 90 degrees. A DOrous structure
{(glass wool) was adopted to assure sfficient v1:~ulat*cn of the fluid. Data for heat
pipes tested with acetone, ethyl alcohol, Ireon, or water are reportad.

4278 22064 HEAT PIPE CAPABILITIES AND APPLICATICNS

fanken, W.A., (LASL, Los Alamos, NM), Rept. on Symp. and Workshop on 3-MWT Solar Thermal
Test Facilizy, 1378
Nc abstract available

P78 22063 HIGH TEMPIRATURE HEAT PIPES FOR TERRESTRIAL APPLICATIONS

fan@en; W.A., Lundberg, d.s., (Caiv. of California, Los Alamos, M), 3rd Int. Heat Pine
rggzasfigh. Papers, Palo Alto, CA, p. 283-291, May 2’ -24, 1578, AIAaA, Inc., New Yorkx, NY
WIS B RN ]

Avail:AIaA

} high-temperature heat Pipe design is described in whishy ceramiz subine is used bt
Frovida the Zasic scructure and Scntainmenst. The iazericr wall of tials zubine is Lined
with a chemically vagor deposited mecallic laver o protect the caramic Srom =hae the 2lkal:i
megal WOrking £11id and furnish a distributive wicking surZace. High tsmperaturs brazes
anc ceranic boncing agents are used to seal the assemblv. The rasulsxs of a progran =
Sew2lcp such a unitc Isr applicatisn =o high cemperasura T2CuTeratsrs are iis&:ssec and
petenzial appiicacions to coal conversicn and ccal urilization svsctems are reviawed.

2273 C2066 HEAT 2IPE HEAT IXCIANGERS FOR 3CLAR HCMES
Rekerts, C.C.Jzr., (Packer EZngng. Asscc., Naperville, IL), ASME Pap. n0. 77-WA/SOL-7 Zor
MEF., 12 2., 10 refs, Nov. 2,—”°c. 2, 377

Yell-sealed 2nergzy conser”ing tomes cacuire i sertain ventilacion rate =0 raolenisa
ixrYgen and remove Toisture and Jdors. The axihausting 23 Lnternal 21r o the Jutside
anvironment rasulss in 2 loss of snergy. Heat 21se 1eat recIvery san recapture 2 sorzion
g zhis lost reat. Tarisus cvzas of haeatc ;;;e wick Zesicns ire ctra2senctad. Ixrersizents
~@re cerIsrmed On TWO sSMall 1eat Ilfe nea ngcers raccveriag zeat Irsm axnaust air
$lcws o2 21 l,/min. Heat recovers aifacs ranged Izcm 2.17 =5 2.3, Zerending on seat
suzhianger Zesigzn. Tploving 2n optimally Zesigned neat Iite 1eat saccvert unis mav cesuls

anst 2na2rg 5 21 2 well-seal2i ~cme.

- v - &9
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HP78 22067 A NON-TRACXKING MODERATELY FOCUSING HEAT PIPE SOLAR COLLECTOR

3cberts, C.C.Jr., (Packer Engng. assoc., Nagerville, IL), 3rd Int. Heat Pipe Conf. Tech.
Papers, p. 11l4-122, May 22-24, 1978, AIAA, Yew York, NY, A78-35392

A design for a moderatesly Zocusing heat pipe solar collecto; is presented tha;
incorporaces advantaces of both flat-place and concentrating ccl;ec:p:s. This gplfec:o: s
atilized primarily for heating, has a_leat pipe absorber, and uses the thermal diode
asfect Of =Heé aeat pije to orzvent nocturnal heat loss. A prototype collector was
constructad and tasted using four Fravity-assisted heat pipes. The concentration rzmic
was 3.31 to 1. Test data demonstraced collector efficlencies near 33 percent ac low ioss
Sactsr. Abscrter -emperatures ranged Irom 40 to 35 C.

HP78 22068 ENERGY SAVINGS POTENTIAL OF HVAC AIR-TO-AIR HEAT RECOVERY =XCHANGERS

Sauver, #.J.Jr., Howell, R.M., (Univ. of Missouri, Rolla,
Conserv., Proc. . §5-74, Nov.
Publ. by ASME, New York, NY

This paper describes and discusses the principles, advantages, and disadvantagas of
several tvpes of air-to-air energy recovery systems, the heat pipe exchancer, the thermal
wheel, ané tnhe plate exchanger. Emphasis is placed on the potential energy savings in
heating and cooling equipment and fuel costs by recovering energy from exhaust air before
it i{s thrown away. Results indicate annual energy savings up to 23 percent with even
larger savings in the size of the heating and cooling eguipment. As expectad, greatest
savings occur when large amounts of outside air are regquired for ventilation.

M0) , Heat Transfer in EZnergy
27-Dec. 2, 1977, Winter Annuval Mtg. of ASME, Atlanta, Ga,

P78 22069 COCLING WITH SOLAR ENERGY

Schubert, X., Dreyer, J., 1977, In German

This is a report on develcpment work on solar rafrigeraticn. As the refrigerazion
requirements and solar enargy available are egualized, there is no necessity Zor long-rerm
storage. The system is independent of any external energy supoly, and shows a simple
construction reguiring little maintenance comrared with compressor-type refrigerartors.
High efliciency esnables one to use compact plants Zor room air conditioning. Such plants
are of great importance Zor developing countries, where considerable guantities of food
now rot because of liack of refrigeracion.

4P78 22070 ENERGY CONSERVATION IN GRAIN DRYERS USING HEAT 2IPZ ECXCHANGERS

Sokhansanj, S., (Michigan State Univ., Zast Lansing, MI), 191 p., 1977, ?hD
No abstrac% available

t 22671 APPLICATION OF HEAT 2IPE ZIXCHANGERS IN COMMERCIAL GRAIN DRYERS

Sokhansani, S$., 3akker-irkema, F.W., (Michigan State Univ., Zast Lansing, MI), Paper ASAE
fer Annual Mtz., JC State Uaiv., Raleigh, ¥C, l4 p., June 26-29, 1977, Pap. no. 77-3019,
Publ. by ASAE, St. Josepn, MI

A heat pipe exchanger was used experimentally in a concurreat-counterflow grain 4=
and savings 3rom 13 to 18 percent werz obtained. The economic analysis of heat pip
exchangers and the commercizl grain dryers showed that applicaticn of the device Wwill
result in sukstantial net annual savings. Grain dust accumulatien (fouling) of the heat
Dire exchancer is also analyzed.

ZP°2 22072 NUMERICAL SIMULATICON OF PASSIVE SOLAR HEZATING SYSTIMS

Stickford, G.H., Jacob, F.E., Corliss, J.M., (Battelle Columbus Labs., Columbus, CH),

Conf. on Svstems Simulation and Zconemic Analysis Zfor Solar Heating and Cooling, San DJiego, -

CA, June 27-29, 1978

A numerical simulat:ion atil

ica izing a finite diffsrence ctechnigue was <Zevelcted 0
sredist she -ersormance of passive solar svstams. Theorecical rasulzs are conmparsd wizh
nmeasures Zawa in order =9 veriiv the computar model. The mecdel was usec <o evaluate cth
cerSormance of several ZiZfarent passive solar heatad water wall configurations. Resulzs
Show zhat 3 heat oize amcedded wartar wall srovides an addicigcnal inprovament over the
scther configurazions which were considerad.
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Ap78 22073 HIGH-TEMPERATURE THERMAL INERGY STORAGE, INCLUDING A DISCUSSION OF TES
INTEGRATED INTO POWER PLANTS: BOOK

Turner, R.H., (California Inst. of Tech., SPL, Pasadena, CA), 101 p., 1978, Franklin Inst.
Press, Philadelphia, PA, A78-34468, $6.30

Storage temperatures of 260 C and above are considered. Basic consideraticns
concerning energy thermal storage are discussad, taking into account cgeneral aspects of
<hermal energy storage, thermal @nersy storage integrated inte oscwer slancts, thermal
storage .zechnigues anc technical considerations, and economic considerations. A
degcription of system concepts is proevided, giving attention to a survev of prooosed
concepts, storage in unprassurized fluids, water storage in pressurized containers, the
use of an underground lined cavern for water storage, a submersed thin insulated steel
shell under the ccean containing pressurized water, gas passage through solid blocks, a
rock bed with liquid neat transport Zluid, hollow steel ingots, heat storage in concrete
or sand, sand in a fluidized bed, sand poured over pipes, a thermal energy storage 4heat
exchanger, pipes or spheres filled with vhase change materials (PCM)}, macroencapsulatead
PCM with heat pize concept for transport fluid, solid PCM removed from heat transfer pipes
by moving scrapers, and the direct contact between PCM and transporz £luid.

IZ. D. AEROSPACE APPLICATICNS

gP78 23019 STUDY AND DESIGN OF A MODULAR PHASE CHANGE MATERIAL TEERMAL CAPACITOR FOR
APPLICATION TO SPACILA3 2AYLOADS

Abhat, a., Hage, M., Dietrich, G., (Stuttgar: Universitaet, Stuttgart, W. Germany), 2nd
Thermepnysics and Heatr Transfer Csonf., Palo alto, C&, 10 p., May 24-26, 1978, AIAA and
ASME, Suropean 3pace Res. and Tech. Cantre, A78-358010

The thermal and structural design analysis of a2 modular phase change material (PCM)
thermal capacitor Zor applicaticn £o the thermal conditicning of spacelab payloads is
descrired. Tae mcdular systam comprises of up to six modules, eacn of 300 wn storage
capacity, stacked :=ogether. A ccmbination of heat pipes and hcneycomb is ised as tle
filler, octadacane as the PCM. With 13 heat pipes, the overall =amperature gradient is
ccmputad to be 20 X Zor a neat iaput rate of 300 W and neat storace in all six modules.
The structural analysis shows the provision oaf 12 3/16-in steel bolts eguallv distribuced
aleng the geriphery to suffice to hold the modules together in launch and orbizal
vibration environments.

-
3P78 23020 =SA HEAT PIPE PROGRAMME
Accensi, A., Savage, C.J5., (ESA, Eurcpean Space Res. and Tech. C2ntze, Noordwijk,
Netherlands), 3r3 Int. Heat Pipe Conf., Palo Alto, CA, p. 377-382, May 22-24, 1378, AIAa,
New York, NY, a78-336827 .
Avail:AZaa

The ESA heat pipe research program focuses on applications of heat pipes to the .
thermal control of communications payloads of communications satellites, to the cooling of
detectors on scientific sateilitzs, and to the thermal condizioning of spacelab pavloads.
Cevelorment plans for constant conductance and variables conductance heat pipes operating
in the range from =10 to +70 C, as well as Zor cryogenic heat pipes and diodes, are
presented. Mechanical gualification, life testing, and zero-G testing of the heat zipe
s7ystams 3re considered.
3273 23021 CPTIMIZING A LOW-CSST SATELLITE ZNERGY SYSTIM
Srummend, J.S., (Maxwell Lat San Diego, Cd), ?rac. oI 12th Iatersoc. Energy
Convarsicn ZIagng. Conf ’ T, am. Nuclear so0c., Inc., La Grance 2ark, IL

The Sotent:ial a sposed gessTationary ocowar satallileas Irustrazad Dy
Srszably lanostheriz . ancourzzad e Zarivation and new <A
3T:imizazisn 9f a =od iswer, 3un-sSYTnCAIZNoUS 9rIits
dzsitned 23 mininize ke cizcn 27 cocmparazls new limizacicns.
The cr2 sl a-ooc -l 223) syswam weuld, among sther
=inags, e 1o t 23 2lecTIon Zensity in tia ilcocncschere arising
Srom and wing sicn Zzam zower satallisas, lawrcducs 3 new
32z2llize ~ whALZh 2 impraverment 3n surzaent designs, signilicancly
I2L.2e Zew sonverser zlizazizn 3f 3 Ia2rrzce Triz 2sza: angina, znd
b tlv r2duce zhs 31z s0Th The TransmitTiag & racaiwvinz antannas
= nUsh 3noTesr oizzoy Toears =SR2t 3 ralazIliv 2 3 azive o
3 2 snusole souii e us2d ~: The I3S <am, zan nce ~amanzea
] Itam ozzuld oo i suwed WCa517 WGE 3T 3 Iz 2 lzwar
I 2l Iz musla2ar- ;2. A 3n sa =lhe 5 32202 12 TUsT nzve
f2nzars iistsizooz o o wezld incl 22 Zcea ‘irocea zzuld
sczidccas Ior mesa
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HP78 23022 SATELLITE BATTERY TEMPERATURE CONTROL USING VARIABLE CONDUCTANCZ HEAT PIPES

Edelstsin, 7., (Grumman aerospace Corp., 3ethpage, NY), Fliecer, H., (Communicaticns
Satellite Corp., Clarksburg, MD), 3rd Int. Heat Pipe Canf., Palo Al=o, Ca, 2. 360-366,
May 22-24, 1978, AIAA, Inc., New York, NY, A78-35624
Avail :AIAA

A non-flicht srototype 25-cell nickel-cadmium batiery “hermal control system using
active feedback control variable conductance heat pipes has been designed, built, and
tested The thermal design of the battery limiss cell temperatures to the range of 10 C
to 15 C over all thermally extreme orbital envirzonments. This relatively narrow

temperature band, along with a maximum ocne C cell-to-cell gradient, is expected to extend

battery life in ZIuture satellites to a l0-vear pericd. The heat pipe-battaerv svstem has
successiully completed three-axis sinusoidal vibration testing and its cerformance has
been verified during extansive thermal vacuum tests.

BP78 23023 TRANSVERSE FLAT-PLATE HEAT PIPE EXPERIMENT

Edelstein, F., (Grumman Aercspace Corp., Bethpage, NY), 3rd Int. Heat Pipe Conf., Palo
Alto, CA, p. 254-259, May 22-24, 1978, Tech Papers., AIAA, Iac., New York, NY, A78-33611
Avail :AIAA

This paper describes a shuttle-~launched flight experiment to evaluate the performance

of a transverse flat-plate heat pipe that serves as 2n integral temperature control-
mounting panel for electronic eguipment. A transverse heat gipe is a gas-controlled
variable conductance heat pipe that can handle relatively large thermal loads. an
experiment designed to Zlight test the concept over a six to nine-month period is self-
sufficient with respect to electrical power, timing sequences, and data storage.

2278 23024 A HISH RELIABILITY VARIABLE CONDUCTANCE HEAT PIPE SPACE RADIATOR IN SATELLITE
DESIGN

fleischman, G.L., (Hughes Aircraft Co., Torrance, Ci), Paslev, G.F., McGrath, R.J.,
Loudenbackx, L.D., (Hughes Aircraft Co., Space and Communications Groue, Il Segundo, CA),

3rd Int. Heat Pipe Conf., Palo Alte, CA, p. 216-226, May 22-24, 1978, AIAA, Inc., New York,

NY, A78-35606
Avail:AIaa
The heat pipes in this radiator for space applications incorporate a central-core

wrapped screen wick, which primes and reprimes under adverss conditions in the presence of

non-condensable gas. A step change in mesh size provides low resistance to liguid Zlow
in the condenser wnile at the same time retaining Aigh pumping capability ia <he

evaporator region. The envelope and wick material is stainlass steel for a turndewn ratio

of 6000 to 1. The design offers high thermal transport at relatively hicgh tilt angles,

thus reducing spacecrafit leveling regquirements. The workiag Zluid is armonia. Spacecrafs

thermal desicgn consideraticns are presentéd, as well as thermal vacuum testing of the
space radiatsr.

.
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278 23025 ZVALTUATION OF COMMERCIALLY AVAILABLZ SPACSCRAFT-TYP
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Xaufnan, W.3., Tower, L.X., (NASA, lewis, Cleveland, CH), 3rd Int. 3e i
Pacers, ?Palo alts, CA, p. 88-93, May 22-24, 1973, AIAA, Iac., New York, NY
Avail:aZAA

as pars of an effort to develop raliable, cost-effective spacecrafs chermal contrzel
rheat vizes, Lewis Reseaxch Center of NASA is conducting life t2sts on 30 commercially
available Zeat piges in 10 groups of different desizn and mater:ial combinazions. Material
are aluminum andé stainless steel, and working Zluids are methansl and ammonia. Tha
formation of non-condensable gas is cbsarved Sor tizes exceeding 11,J20 2o0urs. The hea=x
transgert cagpacities of the pires are also determined. Considerable gas is found ia two
3rou2s Of mechanol zipes: cne grous sheows no gas. OCne groud of ammonia 2izes has 10
Obserwvable gas. Another FIoup zas nuch gas. HManufacturers' grocessing schedules are
2xanined Ior diffsrences 2xplaining the sresence of cas. Heat sranscors Zapacity is
fzund 0 e severaly reduced 1n scme Dipes containing gas.

273 23026 DJEVELOPMENT OF A YCDULAR HEAT 2IPE RADIATOR $YSTEM FOR SPACT APDLICATIONS

D~

' Seutsch

SIS Las.

New Yorg,
Avail:alan

Jesign and :zcerazing characesriscics 33 1 modular radiator swvsz2m ara 2ascrited wish
Te-e@rence o appligatisns o the sooling oI scieatifis inssrumenss Lo sTace. 3 soaca

>
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simulation chamber was used to test layout schemes and basic hardware function. Factors
tested include the influenca of heat input variation, f£luctuations in solar radiation, aad
vibration. Z=Sach xodular component is designeé to transvort a dissipation heat of 30 w at
a 40 C to the radiator surface. Attention is given to optimized dimensions for heat pipes
and to the insulaticn characteristics of the reservoirs Zor all three modular types, e.3.,
fixed conductance, active gas ccntrolled, and passive gas controlled.

H278 23027 HEAT PIPE NUCLEAR REACTORS FCR SPACE APPLICATIONS

Xoenig, D.R., Ranken, W.A., (Univ. of California, Los Alamos, NM), 3rd Int. Heat Pipe
Conf, Tech. Papers, 2alc Alto, CA, p. 391-397, May 22-24, 1978, AIAA, Inc., New York, NY,
A78-35629
Avail:alaa

A heat sipe nuclear reactor design concept is being investigated for space cower
applications. The reactor can be coupled to a variety of high-temperature (1200-1700 X)
electrical conversion systems such as thermoelectrie, thermionic, and Bravton cvela
converters. It is designed to operate in the sower range 0.1 to 3 MW+ for lifetimes of
about 10 years. The reactor is a fast spectrum, compact assembly of hexagonal fuel
elements, each cooled by an axial molyidenum heat pipe ané loaded with fully enriched
UC-2zC or M0-UO2. Reactor control is provided in the radial reflector. A comparison of
several power plants emploving =he heat pire resactor concept is presented Zor an output
power level of 30 XWe.

HP78 23028 A MASS- QOPTIMIZED HEAT. 'IPE RADIATOR FOR THE COMMUNICATION SPACECRAFT
"ARCOMSAT"

Kreeb, H., (Dornier System GMBH, Friedrichshafen, W. Germany), 3rd Int. Heat Pipe Conf.
Tech. Papers, Palo Alto, CA, p. 241-244, May 22-24, 1278, AIdA, Inc., New York, MY,
A78-35609
Avail:AIAN : . .
for the planned communication spacecraft ircomsat, a heat pipe radiator had been
designed, manufactured, and %asted successiully, The north-south canel of =he Arcomsat
provided with electronic components such as TWIS, Z2CS, and ampl;:;e:s. deat due o en
losses are dissipatad direct‘y into these panels which radiate the energy %o sgace. Th
main dissipacica srergy is prduced oy =wo amplifiers, locaced in a ralatively small area.
The dissipation heat of these *wo ampl "'e's should be distributed nearly isothermal over
the whole racdiator surZace w: :n about 1.7/m (lL.3 m x 1.5 m). The weicht of the ccmplete
radiator is_limited to about !.3 kg. Heat pipes integrated in tie 2oneycomb core of the
radiator panel are selected £ r this energy distribution.

P78 23029 DESIGN OF A GAS-CONTRCLLED HEZAT PIPE RADIATCR FOR A MAROTS~-TYPE TPA-RADIATOR
APPLICATION

Kreeb, %., Perdu, M., (Dornier S¥stem GMBH, friadrichshafen, W. Germany), Savage, C..
(ESA, ESuropean 3pace Res. and Tech. Cantra, Noorcwijk, Netherlands), 3rd Int. Heat Pipe
Conf., Tech. Papers, Palo Alto, CA, . 233-240, May 22-24, 1378, AIAd, Inc., New York, NY,
A78-35608

Avail:AIAA .

In an 2f%crt to control the thermal environment of a Maro+s spacecraf: nayvload, a
gas-controlled heat pipe radiator was designed with the Iollewing components: a mounting
plate with Zive thermalizer heat pipes, “wo sent radiator panels with Iour gas-controlled
heat pipes each, and thermal ;nsu‘ation blankets for the mounting plata and reservoirs.
Design and cperating parameters of the svstem ara discussed with attention =o specific
goals and constraints, Lucluczng beginning of life with a maxinum power dissipation of
130 w at eguinox, and minimum thermal interfarence <0 5/C ratio. Calculacions are
presented ZIcor system oreration under worst c2se conditions. Results indicate that cooling
reguirements can be net within accertable Jass constrainsgs

2978 23030 ©DCESISN AND ZVALUATION OF A =OTATIRG TARIABLIZ CONDUCTANCE HEIAT 2IPE SYSTEM IN
SYNAMICS ZXPLORER HIGH ORSBITER SPACICRAST
Sreenbelt, MD), 2rd Int. Heat Pi

Marshbura, J.2., McIntosh, R.Jr., (NASA, Godd ’
24, 1973, AIAA, Yew York, NY, A7S

2
Tech. Pagers, Palo Alto, CA, p. 211-213, M¥ay 22
Avail:aIdAa

Analvsis of the dvnamics axplorer nhign 2riizar spacecrafc showed zhat the proposed
louver sugham, along with 2xisting radilacsI nedt I27ectidn ireas on the 5,C suriace wers
1asuffisient =5 safelv 2cntrol =he 3/0%s5 thermal axCuUIsions caused by Rigaly rarving
interzal sower Lavels and solar iaput 2angles. A variaplie Ionductance Reat Jije systam in
IsnIunction with 3 sonventional radial heat Dpite svstenm : ed, built, casted. and
FRTer ; i zizes, aning 2T 1) ITh were
raz ies; Tm.  The TCHPS attached
-n d za o via a Iianed




H278 23031 A THERMAL CANISTER EXPERIMENT FOR THE SPACE SHUTTLE

McIntosh, R., Ollendorf, S., (NASA, Goddard, Greenbelt, MD), 3rd Int. Heat Pipe Conf. Tech.
Papers, Palo Alto, CA, p. 402-407, May 22-24, 1378, AIAA, Inc., New York, NY, A78-35631
Avail:AIAA

An experiment will be described which, if successful, will demcnstrate the fzasibility
of using a heat pipe thermal canister to cocntrol the temperaturs of a wide variety of
instruments operacting in the bay of the NASA space sputtle. The experiment will be
launched in Cecemrer 19739 as part of the Zourth orbital flight test of the shutzle,
Predictions indicat2 that cthe canister can provide an snvironment controllad “o I one C
over the range of J C to 30 C for conductively and radiatively coupled iasctruments wish
internal peower dissipaticns of approximately 100 to 400 watts. This is the most ambitious
thermal control program yet attempted wnich uses heat pipes as the primary control element.
The outcome of this experiment will have Zar reaching implications for instrurments which
are operated in the shuttle bay.

HP78 23032 ZHIGH-TEMPERATURE HIGH-POWER~-DENSITY THERMIONIC ENERGY CONVERSION FOR SPACE

Morris, J., (NASA, Lewis, Cleveland, OH), 17 p., 1977, N78-13890/65L

Theoratic converter outputs and efficiaencies indicate the need to consider thermionic
energy conversion (TEC) with greater cower densities and higher temreratures within
reasonable limits Zor space missions. Converter output power density, voltage, and
efficiency as Zunctions of current density were determined Zor 1400 to 2000-X emitters
with 725 to 1000-X collectors. The results en ourage utilization of TEC with hotter-taan-
"1650 K emitters and greater-then-6wW cml outpu: O attain bettar efficiencies, greatser
voltages, and higher waste-neat-rejection temr ratures for mulfihundred-kilowatt space-
power applications. For example, 1800 X, 30 : cm? TEC operation Zor NEP comparad with the
1650 X, 3 a cm* case should allow much lower ridiation weights, substantially Zswer and/or
smaller emitter heat pipes, significantly reduced rsactor and shielé-related weights, manv
fewer converters and associated current-collecting ous sars, less power conditioning, and
lower transmission losses. Integration of these effects should vield consideranly reduced
NEP specific weights.

HP78 23033 HEAT PIPES IN SPACE, AND ON EARTH

Qllendorf, S., (NASA, Goddard, Greenbelt MD), lith Annual Mtg. and Tech. Display of AIdA,
S p., Feb. 7-9, 1978, Washington, D.C., 78-24005
Avail:AIaA

The heat pipe-is a closed tube whos 1inner surfaces are lined with a porous capillary
wick. The wick i1s saturated with the li uid phase of a working £luid. The heat supplied
at one end of the %tubne, zhe svacorator, auses avaporation of the working £fluid. 7Tk
vapor will pass to the other end of the _ube, the condenser, where it will condense ande
release the latent heat of vaporization to a heat sink in that section of the pipe.
Problems concerning a design of heat pipes Zor space applicaticns are related zo certain
difficulries regarding the prediction of device zerfcrmance under zero-G conditions. Heat
Pipes are usually tested on the grouné under the influence of gravicy, and then tieir
performance is extravolated to space. - A description is presented of the approaches used to
insure good heat pipe periormance in space. Attention is given to an international heat
pipe exreriment conducted to accumulate zero-G serformance data for several new and unigue
heat pipe designs, heat pipes for ATS-6, cryogenic heat pipes, and fucure activities.

HP78 23034 THERMAL CONTROL CANISTER

Ollendorf, 3., (NasA, Goddard, Greenbelt, MD), 28 p., 1877, N73-13380/8sL

A heat dissipating instrument package of a scacecrafi, located in a canister having
walls in heat transfer relationship wizh the fackacge, is maintained at a substantially
constant temgeracure. Sixed conductance heat tipes on the canister walls are connected o
variable conduczance heat pipes, mounted on a radiacor structure separated Izom the
canister walls »>v a thermal blanket. The effective radiating area of the radiacor
structure is centroallad by she variable conductance leat pipes in response to a comparison
of a sensed tamperaturs oI the instrument packacge Or the canister wall with 2 set joint

value. The comparison controls 2 h1eatar 1n a 7as r2servoir <ontaining a non-condensable
gas of the variasle sanductance a1eat pipe. A thermal radiation shield Ior the zas
reservoir prevents radiant energy Irom the axterior environment and thermal zsnersgy
reflectad 3rom the spacecrait ircm overheating wie non-condensable gas.

HP73 23033 P9CCIZCRE JF A SPACE ZLALIFICATIC

ny

OR AN AXIAL SRCCVED HEAT 2I2=

Perdu, M., Xreepb, 3., (Doranier Svstem GMBH, Triadricihshafen, W. Germanv), Pawlowski, 3.,
(Jeutsche Forschungs :nd Tersuchsanstalt Fuer Luft né faumianrzs, Jolsgne, W. Zermany),
Izd Inz. Heat Pize Zons. Tecn. Pagers, falo Al:zz, ZIA, 2. 233-3990, May 12-24, 1373, Al:da,
Tam Mars Yo -ic oo A=a_t*=29¢
----- , Mew Yok, WY, AT3-3352¢9
Avail:aZax

Svace zualifizazicn 27 axially zrocved 2eac sizes fabricaced Irom 2luminum and
2rmploving ammcnza 3s the working Zluxd is discussed.  The zualilization srscadure lnvolves
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vibration, shock, and pressure testing, as well as exposure to thermal cycling and thermal
shocks. Start-up behavior of the heat pipes after acceleration or with frozen working
fluid is also assessed. The sealing process and chemical cleaning of the pipes aprear to
be the manufacturing steps presenting the most difficulties in assuring the gualicy of the
heat pipes.

4p73 23036 DESIGN CONSIDERATIONS FOR A NUCLEAR ELECTRIC PROPULSION SYSTEM

Phillips, W.M., Pawlik, E.V., (California Inst. of Tech., JPL, Pasadena, CA), l3th Int.
Zlectric Propulsicn Conf. Proc., San Diego, CA, 1l o., April 25-27, 1978, AIAA, Deutsche
Gesellschaft Tuer Luft undé Raumfahrt, ERDA-spons. Res., A73-32763
Avail:AIAA

" A study is currently underwav to design a auclear electric propulsion vehicle capable
of performing detailed exploration of the outer planets. Primary emphasis is on the power
subsystem. Secondary 2mphasis includes integration into a spacecraft, and integration with
the thrust subsystem and science package or pavicad. The results cf several design
iterations indicata an all-heat pipe system offars greater rsliabilicy, elimination 2£
many technology development areas and a specific weight of uncer 20 kg/XWe at the 400 XWe
power level. The system is compatible with a single shuttle launch and provides greacer
safety than could be obtained with designs using pumped liguid metal cooling. Two
configurations, one witl the reactor andé rower conversion forward on the spacecrais with
the ion engines aift and the other with reactor, power conversion, and ion sngines 2It were
selectad as dual baseline desicgns based on minimum weignt, minimum recuired tachnology
development, and maximum growth potential and flexibility.

4P73 23037 HEAT PIPES TOR UPPER STAGE AVIONICS THERMAL CO TRCL

Pleasant, R.L., (General Dvnamics Corp., Convair Div., San Diego, CA), 3rd Int. Heat 2ipe
Conf. Tech. Papers, Pa.lo alto, Ci, 2. 398-401, May 22-24, 1973, AIan, Inc., New York, NY
A78~35630

Avail:AIAA . .

A test article representing an upper stage avionics thermal control syszem was
developed and testad under simulated space environments of full-sun a2nd no-sun. The ugper
stage aviconics packages are located in space-viewing windows. Heat is carried Zrom
package mounting plates to cylindrical secondary rad. ator skins by heat pipes. Tast
results were corrslat2d and simulated with an 2nalvt cal model of the test article. The
selacted wincdow module approach was found &9 2e vers tils, ©o allow repeated package
removal with no performance genalty, and to operate atisfactorily with a simulated one-
heat-pipe~out failure.

HP73 23038 DEVELOPMENT OF A TECHNOLOGICAL MODEL VARIABLE CONDUCTANCE HEAT PIPE RADIATOR
FOR MAROTS-TYPE COMMUNICATION SPACSCRAIT

Savage, C.J., Aalders, 3.G.M., (ESA, Suropean Sgace Res. and Tech. Centre, Noordwijk,
Netherlands), Xreeb, H., (Dornier System GMBH, Friedrichshafen, W. Germany), 3rd Int. Heat
Pipe Conf. Tech. Papers, 2alo Alto, Ca, p. 227-232, May 22-24, 1978, AIAA, Inc., New York,
NY, A73-35807
Avail :ATAA

A technology model variable conductance heat pipe (VCHP) radiator has been designed,
built, and tested, and 3as been life tasting now Ior 2ocut 14 months 2t Zstec. The design
constraints were based on the anticipated thermal control regquiremencts Icr the aicrowave
transistor power amplifiers intencded for the Marots satellite. Thus the radiacor was
required £ maintain all operating amplifiers wizhin Iive C of one another and within the
temprerature range of 30 to 40 C. The radiator aust also zrovide osrotection duriag
extended powered-down periods and during eclipse. ZIxperimental results are grasented
showing persformance at =he begianing of lifz2 and alter the Ii-st 12 months of lifs tasting.

4278 223029 A MECHANICAL, TEERMAL, AND ZLECTRICAL PACXAGING DJESIGN FOR A PROTG%YPS 2CWER
MANAGEMENT AND CONTROL SYSTE R THE 30-C4 MERCURY ION THRUSTER

.
1

LN
O

Sharp, G.R., Gedeon, L., Cgliebay, J.l., 3haker, 7.3., Si2gert, l.Z., (NASA, Lewis,
Cleveland, OH), Llta Iae. Zlactric Propulsicn loni. 2roc., San Diego, Ca, 11 p., april
¢$=27, 197%, AIAA, Ceucsche Gesellschais Fuer Lyt und Raumianrs, AT3-32739

Avail:aZiad

o BN

A prototype 2iec=ric Dower management and thrustar Ssnizol svstem for a l0-cm ion
thiIuster has been osuilt and s ready to supPor:t 2 Iirst mIissicon applicaction.  The svstem
Teets all of <he reguiremenzs necessary O SPerat2 1 tnruster in o2 fullv avssmatic mode.
Power iazuz =0 zhe svsTem can vary over a Zull Iwo I3 Sne ivmamis range (299 =3 400 V) Zor

! ar orthey ICwer source. Lon@ ICwWer nanagament a2nd <ontIol system is
ace <ne =arzus=ar, =he Sliznt svstem, and .tsels from arss and iz <
a3 s=andars soagessafs alecTzoniis. Tha zwzvam L5 dgsicned sz o ze zas
latecg 21i=m% 3USTEmMS wWnLca Ian STerit2 Tver a charmal anvissnment Tangin
:.3.: e =omplace fower management and STRIISL sy Teasures +3.7 Ik
€ Ll9.3 2 weizas 33.2 &g. an full Sower ne Iwerall z2ngy 27 zhe svstam
2§Timazad 3., mar=anz. <Thrse 37STemMS 3re Jurcanslc 3 sualt and 3 fall
32 anvizsnmencal and 2lactrical zaszing LS foannad.
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BEP78 23040 HEPP: A LOW-TEMPERATURE HEAT PIPE EXPERIMENT PACXAGE DEVELQOPED FOR FLIGAT ON-
BOARD THE LONG DURATION EXPCOSURE FACILITY (LDEF)

Suelau, H.J., Breanan, ?.J., (B & K Engng., Inc., Towson, MD), MciIntosh, R., (NASA,
Goddard, Greenbelt, MD), 3rd Int. Heat Pipe Conf. Tech. Papers, Palo Alto, CA, p. 418-425,
May 22-24, 1978, AIAA, Inc., New York, NY, A78-35634
Avail:AIAA

The heat pise experiment package (HEPP) is designed to provide a flight evaluation
svstem for low-temperature heat pipes. The HEPP will be flown 2pcard the long duration
exgosure facility which will be launched and retrieved as part of the space shuttle
program. The exgeriment contains two heat pipes, an axially grooved fixed conductancs
heat pipe, and a liguid blockage thermal diocde. A phase change material canistar is also
integrated with a radiant cooler system. Additiocnal hardware consists of supporiting

‘electrical 2quipment, including electronics for signal conditioning and command Zunctions,

a data recorder, and a nermetically sealed battery which powers the experiment. A thermal
model was developed to simulate the benavior 2f the HEPP? and a ground test program was
conducted to verify the predicted performance of the sguipment.

HP78 23041 "T-SYSTEM:" PROPOSAL OF A NEW CONCEPT HEAT TRANSPCORT SYSTEM
Tampuriai, P., (E£SA, Eurovean Space Res, and Tech. Cen

-
iat. deat Pipe Conf. Tech. Papers, Palo Alto, CA, p. 346
New York, NY, A78-33623

Noordwijk, Netherlands), 3rd
3

!
353, May 22-24, 1978, AIAA, Inc.,

CAvail:AIAA

A heat transport system which relies on pressure changes generatad by evaporation andé
condensation of the working fluid to drive circulation is descrikbed. The heat transport
system, which recuires no conventional pump, can work against gravity and conseguently may
be testad on the ground before launch in a spacecraf:s. 1In addition, the system oilers a
high degree of flexibility in design, acccmmodating bends, elbows, and flex hoses with no
major limitations. A bench model of the heat transport system 2as been testad; applicaticns
of the concept to thermal control in spacelab payvloads and to solar energy collection are
mentioned.

4p78 23042 2IGH TEMPERATURE HEAT PIPE RESEARCH AT NASA LEWIS RESEARCH CENTER

Tower, L.X., Xaufman, W.3., (NASA, Lewis, Cleveland, QKE), 3rd Int. Heat Pipe Coni. Tech.
Papers, Palo Alto, CA, p. 303-211, Mav 22-24, 1978, ATIaA, Inc., New York, NY, A78-33618
Avail:AIaA

In the course of studies of thermionic power plants for space aprlications, high-
temperature refractory metal heat pipes nave been designed and built for alkall metal
working fluids. Tabrication of tungsten wire-reinforced tantalum pipes by chemical vagor
deposition is discussed; tihe development of reinforced pipes with integral arteriess
sroduced dv chemical vapor deposition is also mentioned. The Zeasibility of using lithium,
sedium, sotassium, cesium, or mersury as the working fluid in the heat pipes is also
reviewed. Operation of a lithium-£illed heat pipe of about three-xXW capacity Zor several
thousand hours is reported. .

E273 23043 SPACT 3SOLAR POWER STATICNS

DI 2 23043
?éfke, V.aA., Lopukiin, V.d., Savvin, V., (Moskovskii Gosudarstvennvi Uaiversitac, Moscow
C5SR), Uspeknhi Tizicheskikh Nauk, 7V 123:633-633, lec. 1377, Ia Rus%ian, AT73-27442 !
The paper surveys zhe currant status of studies on solar sewer stazions in
geosvncaronous crsit, which would conver= solar asners s
TS Sarth by microwave. te
zre nade, and th

_ : into electric power and zransmi= 3
3asic schemes {or such a system are prasented, aconomic astinaces

e prospects for developing orbizing solar pcwer staticns ars discusses.

-
-

#P78 23044 THERMAL CONTROL SUBSYSTEM CPTIMIZATION, A NEW APPROACH

Wward, T.L., (Mar=in Marietta Aercspace, Senver, C0), 2ad Thermophvsics and Heat Transier
<onf. ,2roc., Pals Alsz, CA, 3 2., May 24-26, 1978, AIAA, ASME, Res. Spons. by Marsin
daristta 3erospace, A73-36008 : )
Avail:alaa

A new aporoach has neen developed for establisning ogtimized weights Zor thermal
control subsystems. The apprzach is suited Ior oreliminary desiczn studies where it is
necessarxy <o selact a grefsrcad thermal contrsl subsvstam 2meng 3 set 9F candidatas., The
Tesulss of =he analytical technigue zresentad ia this sacer 2re e optinized weiznc,
Tadlacor area, and teatar pewer raguiLrament Ior J1ven subsvsIam. Tor a soacscraie
Program thesa resulis are tvpically racluded ta a sussvstam trade where cost ind schedulas
are factored ints the Iinal selactizn frocess.  3ix vrpes of thermal <ontrol subsvstands
“&ve Zeen gprogrammed.  2IIgram LnSUIs inc.ude IOomponent temper:ture Limils, she orbiwal
Tacliation anwirzcnment, .ncsrface sonductanc2 Lues = 2127 surfaca Trorerzias.  The
inigue Z2azure of shis a2pprsacn L5 that with za < the compuzar, zcsh ast and
2.2 Tases are consiisrad and zne strimizad A
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II. E. ELECTRICAL AND ELECTRONIC APPLICATICNS

HP78 24005 PROCEEDINGS OF THE TECHNICAL PROGRAM, NATIONAL ELECTRONIC PACRAGING AND
PRODUCTION CONFERENCE, 1977

Anon., (Iné. and Sci. Conf. Manage., Chicago, IL), Conf. Proc., Anaheim, CA, 308 p., March
1-3, 1977; Philadelphia, ?A, May 17-19, 1977, 2ubl. by Ind. and Sci. Conf. Manage.

This symposium of 68 papers covers the following topics: Limproved multilaver
performance with new laminate macerials; sractical applications of photochemical
machining; chip carrier systems in ceramic and plastics; use of evaluation of fiber cptics
in electronic systems; flexible circuits-reliability through desicn and testing; suriace
finishes for gquality soldering; cost cons;de:a:ion and economic control in circuit
manufacturing; a survey of industrv-wide circuit testing set-up; artwork generation;
current trends in ?C toard manufacture and soldering; soldering-orocedure ané materials;
reduction of set-up costs for ATE; thermal problems; microwave packaging; and, nultiplex
wiring impact on packaging connec:=ors. Selectad papers are indexed separately.

HP78 24006 EEAT PIPES IN ELECTRONIC COMPONENT PACXAGING

Sasiulis, A., Sekhen, X.S., (Hughes Aircraft Co., Torrance, CA), 2roc. of Tach. program
Nat'l Electron. Packag. Prod. Conf., Anaheim, CA, March 1-3, 1977; Philadelphia, 2?iA, May
17-19, 1977, 2. 410-419, 14 refs, Publ. bv Ind. and Sci. Conf. Manage., Chicaco, IL

Heat pipes in electronic component oackaczhg provide many advantages over
conventional cooﬁxug methods by reducing ccomponent temperatures, =liminating hot scots,
and »roviding design flex;z;*ﬁcy 3ecause oI these features, heat gipes are slowly
gaining acceptance in industzy. applications include heat pipes cooling components inside
hermetically sealed enclosurss, removing heat from flat zacks, serving as an isothermal
mounting »late for an amplifier on a spacecraf:, or doubling as a structural member and
thermal conduc<tor to cool a =oli4-state mocdule. Developments are even under way to
integrate zeat axges into circuit cardis and <o ;u;‘d heat z1lpes into cower transistors.
deat zipes in actual elect :cn~c packacing applicacions, and those under development axa
discussed. Performance characteristics oI heat pipes Wwill be given, and 2xamples of how
thermal groblems in electronic packaging were solved through the use of heat tives are
described.

HP78 24007 STIMULATED ELECTRONIC RAMAN SCATTERING IN Cs VAPOR: A SIMPLE TUNABLE LASER
SYSTEM FOR THE 2.7 TO 3.5 MICRON RIGICN

Cotter, D., Hanna, D.C., (Scuthampton Univ., Southampton, England}, Optical and Quantum
Electronics, Vv 9:590-318, Nov. 1977, Res. Supp. by Paul Iastrument Fund and Sci. Res.
Council, A78-12440 . h
Stinulaced 2lectronic Raman scattering (SERS) in atomic vapors provides a simple
metiiod of extending the zuning ranges of pulsed dve lasers well Iinto the infrared regica.
The special advanctages of this technigue in compariscn with cother &tyzes of
infrared lasers are discussed, and are illustrated by describing a 3EXS system which uses
a modest nitrogen laser-cumped dye laser (about 20 kw). This produces infrared radiation
tunable from 2.87 %2 3.47 ailcrons sy SERS in cesium vaper, which is ccntained in a aeac
Pipe cven. DPhoton conversion 2£3iciencies of up %o 30 sercent are obtained. The heat
Pipe oven éesign, system ogeration, and optimization of experimental parameters are
described in detail.

-

HP78 24008 SCDIUM VAPOR HEAT PIPE LASER CELL

Deverall, J.E.; York, G.W., (Univ. of California, Los Alames, NM), 3rd Int. Heat 2ipe Con:Z.
Tech. ?ace:s, Palo Alto, CA, p. 71-75, May 22-24, 1978, AIAA, Inc., New York, NY,
A78-1383
Avaxl.A;AA

A sodium heat pipe cell containing high-voltage discharse plates was const-" ted to
study the band absorption of light by the sodium dimer and <o i

=0 dete
creating a ﬂe:al vagor laser. Spectrographic measuremencts indicated that the increase in
sodium 3im ooau'at‘cn With :amperature rasuliad In 30 zercent loght absorstacn at 372 X,
ilcr-volta, ischarses in tiae sodium vapor Zissociazed the dimers 2nd restorad
tTansparency :a <he medium. Yo lasing acz=ion 0f the sodium vapor with 2 :h-vol:age
discharges was observed aither secause of iasuificient ionization or nonuailormity 2f :ha

ionization over zhe plata area.

DEWELCPMENT OF A TRANSCALINT SILICON POWER SWITCHING TRANSISTOR

Zaesn, R2,III, <2ssler, 3.5.0r., Re=d, R.Z., (USA Meradgoa, T=. 2elvoir, YA), Cons. Recess
92 IAS 12%¢:x Annual Mtz., LO0s anceia3s, JA, 5. 2332-10s1, Cez. i-3, 1377, LI refs, Publi. v
lew Yorik, WY, Tar. no. TTIHEILIA6-3-IA

18
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This paper describes the degign, construction, electrical performance, and thermal
characteristics of a unigue 180 X, 750 V, 300 w dissipation NPN transcalent transiscor.
The term "transcalent" describes the use of integral heat pipe cooling for improved
performance. Parameters discussed in the paper are the gain, voltage ratings, current
ratings, turn-on and turn-ofi times, thermal impedance,as well as the thermal
computations Zor the transistor and its heat pipes. The saZfe operating area of %&h
transistor is also prasentad and the characteriscics of the device are discussed for the
switching of 24 XVA into a resistive load. This transistor has pctential applications
both to industrial and military equipment in power conditioning, voltage regulation, metor
speed control, arc suppression, amplifier and power switching applications.

gP78 24010 ELECTRONIC EQUIPMENT COLD PLATES

feldmanis, C.J.; (Ais Force Flight Dynamics Lab, Wright-Pat<terson aAr3, OH), Final Rept.,
June 1973-3april 1976, 459 »p.

Experimental and analytical work have been performed to investigate capabilities and
thermal performance characteristics of cold plates Sor electronic egquipment cooling. The
effort includes air-cooled cold plates, liguid-cooled cold plates, and cold plates
provided with heat pipes. 0DiZferent designs were selected for each of the three
categories and thermal tests at different cooclant £low and equipment power dissipation
rates performed. It has been shown that large amounts of eguipment waste heat can be
removed bv this cooling technique and thermal performance accurately predictad,
particularly with computer-aided analysis.

ﬁP?B 24011 APPLICATION OF HEAT PIPES IN SLZCTRONIC MODULES

Nelson, L.A., Sekhen, K.S., Ruttner, L.E., (Hughes Aircraft Co., Tullerton, Ci), 3rd dHeat
Pipe Conf Tech. Papers, Palo Alto, CA, p. 367-372, Mayv 22-24, 1378, AIAA, Inc., New York,
NY, A78-35625
Avail:ATaa

The design of heat piges Zor ciucuit cards is discussed, with special atiention given
to heat pipes developed for the thermal control systems of the US Navy's Standard
Electronics Module (SEM). The heat pipes discussed here are fabricatad of peryllium
copper and emplecy methanel as the working £luid. Testing of cone heat pipe system for the
SEM indicates that the cooled module may be operated at up to 20 watts total power
dissipation without 2xceeding the criticazl component temperature of 100 C. Heat pipe <card
guides capable of interfacing with existing hardiware and sroviding a heat transfer rate in
the range of 300 to 600 watts have also been developed.

gP78 24012 DIRECT HEAT PIPE COOLING OF SEMI-CONDUCTOR DEVICES -

Nelson, L.A., Sekhon, X.S., Fritz, J.E., {(Hughes Aircraft Co., Tullexrton, CA), 3rd Heat
Pipe Conf. Tech. Pacers, Palo Alto, CA, p. 373-376, May 22-24, 1378, AIAA, Inc., New York,
NY, A78-35626
Avail:AIAA

A heat pipe system has been used to reduce by as nuch as 33 pexcent the thermal
resistance fSrom junciion to case in a semi-ccnductor. Difficulties in utilizing heat
pipes to cool =ransistor junctions inciude the physical problem of apelying a wick to
bring the working fluid in contact with zhe junction, the chemical zroblem of Iluid-
transistor material interactions, anéd the electrical interZference :that nay be caused by
the heat pipe. Develocment of fiker wicks and high-periormance powder wicks for RF power
transistors is given particular consideration.

HP78 24013 IMPROVED MIC PERFORMANCZ THROUGH INTERNAL HEAT 2IPE CCOLING

Nelson, L.A., Sekhen, X.S., Pritz, J.E., (Hughes aircraft Co., Tullerton, Ci), ?roc. of
Tach. Program Nat'l Slectron. Pkg. Prod. Csnf., 2. 441-447, Anaheim, CA, March 1-3, 1977,
Philadelphia, PA, May 17-19, 1377, Pupl. by Ind. and Sci. Conf. Manag., Chicago, IL

It is demonstratad that heat pipe cooling is an efifactive zetiod of iaproviag the
co0ling of MIC. The Hughes Powder Wick and heat pipe Iluids are chemically, shysicaily,
and electrically compatible wica the MIC and :transisctor chiz and srovides the raguired
2igh persormance and adaptakbilisy =o production methods. The improved socling availapls
through hea% pire =2canigues can sSe used =0 iaprove the power, rsliabiliczy, or 2ificiency
2% MIC's.
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franxlin Research, Iac., RAchland, Wa, 215 »., 1377
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direcczed toward studiaes of improved single-phase cooling systems for dower :;ansfcrmers,
including the development of 2 more precise technizue gor model;qg thermosyzhon flqw ané
its application to the design of ZIinned alumzngm c:an;:orme:_rad;atqrs. Thg use of tyo-
phase heat transfer tachniques was considered in particular detail for applications where
effective heat rejection is difficult using existing technology. For underground
transformers, reflux condenser systems were considered as a means of increasing ;gad
capability. Ia particular, heat pipes linking the transiormer to surrounding soil were
found *o te an optimal methed o cooling. An additional zenefit of this transiorwer
cooling investigation was development of two possible methods 2of measuring core and coil
tamperatures. These methods and the design of the measuring equipment are discussed.

HP78 24013 EFFECT OF AN ELECTRICAL FIELD ON THE HEAT-TRANSMITTING CHARACTERISTICS OF A
HEATING PIPE

Shkilev, V.D., Bologa, M.X., Marin, D.V.,
61-64, 1377
No abstract available

(Kishinev., USSR), Electron. Obrab. Mater., .

HP78 24015 HEAT PIPES CUT SIZE OF HIGH~-POWER SEMI-CCNDUCTORS

Smoluk, G., Design News, V 33:54-635, N22, 1977
No abstract available

2P78 24017 INTENSIFICATION OF COOLING FOR LOW-VOLTAGE ESNCLOSED INDUCTION MOTORS

Tubis, Y.8., Fanar, M.S., Sov. Elecetr. Zngng., V 47:96-101, N10, 9 refs, 1976
Methods for intensiiying cooling of induction motors through <he use of heat-

conducting Iillers, heat pipes, and water are considered. Results of an exgerimental
investigation are reportad. :




SIS e i AN R e it i

IIT. HEAT PIPE THEQRY

III. A. GENERAL

HP?78 30013 ODESIGNING ZVAPORATIVE THERMAL SIPHONS FOR USE IN THERMOELEZCTRIC DEVICZES

30017

Berdiev, M.G., {(Dagestan Polytach. Inst., USSR), Appl Solar Energy, USSR, Engl. Transl.,

13:11-16, N2, 11 refs, 1977

Results are reported for experimental investigations aimed at validating
cemputational relaticnships. A method of designing evaporative thermal siphons for

thermoelectric instruments 1s proposed.

HP78 30014 TEMPERATURE AND HZAT LOAD DISTRIBUTION IN ROTATING HEAT PIPES

Daniels, T.C., Al-Baharnan, ¥.S., (Swansea Univ. College, Swansea, Wales), 3rd Heat Pipe

Conf. Tech. Papers, Palo Alto, CA, p. 170-17s,

A78-35600
Avail:AIaa

May 22-24, 1973, AIAA, Inc., Yew York, WY,

An analvsis is proposed for predicting the condenser wall temperature profile showing
the effect of functions such as concentration of noncondensable gasas and type of working
. A prediction of the heat rajectad
ratio between a condenser operating with non-condensable gas present to that with pura
vapor is given. The working £lulds considered were arcton 113 and acetone and the non-
condensable gases were nitrogen and carben dioxide. The theoretical results obtained were

fluid, condenser wall material, and cooling medium

checked with some experimental results using the a2bove £luids and an agreement was obtained.

P78 300153 .LOW-TEMPERATURE HEAT PIPES WITH VAPOR INJECTI

Gerasimov, I.F., Xiseev, V.M., Maidanik, I.F., Dolgirev, I.EZ., (Ural'skii Politekhnicheskii

Institut, Sverdilowvsk, USSR), Iazhenerno-rizicheskii

P

Russian, A73-24151

Zhurnal, V 33:573-380, Oct. 1377,

Tre
E e

The two heat pipe systems with a low-pressure injector, axamined in the present paper,
reduce aporeciably the hydrostatic pressure of the liquié column wichout decreasing the

distance of heat transier In one system, the

vapor condensation and maxes the heat transfer agent circulate in a closed contour,

thereby creating favorable conditions for operation in a gravitational field. In the

low-pressure injector provides complete

other system, zhe injec2or atomizes the liguid column in the condensatz line and circulates

the heat transfer agent in the f{orm of alternat

ting liguid and wvapor columns.

The absence

of a compact column reduced significantly the avydrostactic resistance in the motion of the

condensate to the evaporization zone. The he
are pleotted for various operating conditions.
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transfer characteristics Of both systems

+ Universictaet, Stustsars, W. Garmany),

Savage, C., (TSA, Zurogean Space Res. and Tech. “eut--, Noordwiik, Metherlands), 3Jrd Heat

Pipe Coni. Tech. Papers, Pfalo alto, Ca, p. 184-1393,

A78-35602
Avail:AIAA

An all-aluminum axial groove liguid trap heat pipe diode,
has been developed with a forward-mode periormance of nearly 20 wm, when
as the working £luid at 20 C. The diode is tendable,

May 22-24, 1978, AIAA, Yew York,

NY

470 mm long and 10 mm 9.03.,
ammonia is used
of simplie design and persormancs. A

mathematical model, based on an energv balance for 2vaporator and <rap, tas een develorved
diode. Theoretical zredictions an

for predicting the z=ransient shucdcwn 2% th

axperimental results are in good agreement. The
is of the order of 20 min. The resvec:=ive shutdown energy is about Zour whr.
mode heat flcw of abcut 1.3 w has been measured.

nas been established.

time

ZP79 30017 ZLICTRIC POWER GENERATION UTILIZING A AZAT 2IPE TURBINE SZNERATOR

daapala, T.3., #Filding, W.E., (Lniv. of Connecticut

Coni. on Materials Tech., 19758

A heat pire i3 1 self-czntz2ined and =otally 2nclosed neatr :ransier dewvice with

intarnal two-chase 3Ilcw. The phase chance allows acgarsncs

, Storrs, CT), ?2Proc. of Iantar-am.

for complate shutdcwn 9f tihe diode
A reverse-
Therehy a shutdown ratio of about 340

chermal zondu :;“;:ies several

zhousand zimes gJrsazer than sco.:d mezallic conduc=ors oI similar cyoss-sectigcnal area.
Jescriprive eguaticns Ior she liguid and vazer transtort and shase cransiormaticns
TCTUIILNG WiAzTIin he Leat };;e have zean jiven STEViIDUSLY, cheraiore, QHLY e
IonstitutLive 2ctazions Sor Icwer availapalisy o the adiapatic sa¢Tisn arse prasented, I
15 concludad ==az [ l)z=ne ;cﬁe: senezazizsn cencept 23 3 Lurline-I2aneritsr wiInln tle
adiacatic sec=i2n 22 a hea% pice .3 riaple; (2)in order <o provide accectadle Lavels of
thermal 23ficiency, low internal vasor pressures Must Se maintained, such as less zthan
21
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two in hg with water as the working fluid; (3)the applicability of the concent would
appear to be more attractive where scurces of relatively cheaper thermal energy are
available, such as solar energy or waste industrial thermal energy; (4)the ideal working
£luid should possess low values of the heat of vaporization, high speciific volume of its
vapor phase, and low specific volume of its liquid phase.

HP78 30018 EFFECT OF THI AMOUNT OF COOLANT CN THE QPERATICN OF HZAT PIPES WITH AN
INHOMOGENEQUS CAPILLARY STRUCTURE IN THE ABSENCZ OF 30DY FOQRCES

Ivanovskii, M.N., Sorokin, V.?., Privezentsev, V.V., {Physicopower Inst., Obninsk, USSR),
Bigh Temp., V 13:736-741, 4, 2 refs, July-aug. 1977

A study was made of the affect of the amcunt of ccolant on the maximum transferred
power of heat pipes. A method of calculating tie allowable amount cf underfilling of the
heat pipe with coolant is proposed on the basis of a model of partial draining of the
capillary structure.

HP78 30019 ANALYSIS OF AXIALLY GRCOVED HEAT PIPE CONDENSERS

Ramotani, Y., (Goddard, NASA, Greenbelt, MD), Progr. Astronaut. Aeronaut., V 56:37-55,
1977
No abstract available

HP78 30020 <EHD HAEAT PIPE: THEORETICAL CONSIDERATIONS AND DESIGN

Kikuchi, K., Taketani, T., J. Mech. Engng. Lab., V 31:301-313, N6, 1977
No abstract available : .

EP78 30021 COST-EFFECTIVENESS STUDY OF HEAT PIPE HEAT EXCHANGERS

Lua, D.C., Feldman, X.T.7Jr, (Uaiv. of New Mexics, Albuguergue, NM), ASME Wianter Annual
Mtg. Proc., Atlanta, GA, 7 p., Nov. 27-Dec. 2, 1977, A78-33171, Members, $1.340,
Non-members, $3.00

The initial costs of three tyces of heat pipe heat exchangews are sresented aluminum=-
reon 1l for the temperature range from =23 C o 121 C, copcer-sater Zor 38 C to 232 C,
and carbon steel-dowtierm A for 120 C %o 400 C. An optimizazion computer program for the
cost-effectiveness analysis is developed, which zakes inco consideraction the costs Zor
equipment, installaticn, oreration, ané maintenance. An optimization examgle is given for
a _carbon steel-dowtherm A neat pipe heat exchanger designed %o reccver neat Srom the 333

m=/min of 3156 C flue gas exhausting from the wiversity aeating plant boilerzs. | -

HP78 30022 PREDICTION QOF SVAPORATOR TEMPERATURE OF A GAS-LOADED HEAT PTPE 3Y THE DIFFUSE
FRONT MOCEL

Shimoji, S., (Miesubishi Electzic Cor>., Amacasaki, Japan), Kimura, 4., (Mitsubishi
Electric Corp., Xanagawa, Japan), Matsushita, T., (Nat'l Space Dev'ment Acency of Japan,
Tokyo, Japan), 3rd Int. Heat 2ipe Conf. Tach. Japers, Palo Alto, CA, p. 155-161, May 22-24,
1978, AIAA, Inc., New York, NY, A73-35398
Avail:AIAaA

A new method of numerical analysis has been developed t2 aid in the design of a gas-
loaded heat pipe. The method is capable of solving the diffuse Zront model of Zdéwards and
Marcus for specified values of both heat input and non-condensable gas amount. The
temperature of evaporztor is precisely precdiczad. This mechod of iterative solution
showed rapid convergence rates in most of calculaticns. The boundary csndition, for =he
vapor velocity, which has influence on the prediczed temperaturs Zistribution in the vagor
front, is set %0 meet actual operations of <the 2eat sige. The calculated resuits showed
good agreement witn the confirmation experiment cresentad.

IIZ. 3. EEAT TRANSFER

HP78 31015 POLYSTYRENE AND POLYURETHANE FOAMS AT LOW TEMPERATURES

Singst, U., (Dornie

T FriedrichsnaZen, Germany), 7orsch Ingenieurwes, V 43:1385-199,
N6, 10 refs, 1977, In 3Ge

solvs S z
(300 =o 29 X}, t<2mreracure feren S < <
the edce plactes. The neat nsiar o < sn, = L
3ufficienctly Lavestigzazad ampien Tatot: 2 TezrT2 <
formulas. A comzarsnson 35 she resulss predictac D tnese Iormulas wilzhl own Teasuremencs
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shows very good agreement excepting the region where the filling gas is condensed. 1In

this region a very strong increase of heat conduction in the foam was found. The reason
for this additional heat transfer is comparable with the mechanism of heat pipes. Using a
simplified model of the structure, the governing parameters of the additional heat transfer
are described. A methcd of calculation for these parameters is given. The results are
compared with measurements of polyurethane foam.

4P78 31016 CALCULATION OF A HEAT PIPS OPERATING IN A FIZLD OF MASS FORCZS WHICH PREVENT
TRANSPORT OF THE EEAT-TRANSFER AGINT TO THE EZVAPORATION ZONE

Ivanovskii, M.N., Aptekar, 3.F., (Gosudarstvennyi Xomitet Po Ispol'zovaniiu Atomnoi
Energii, Fiziko-Energeticheskii Institut, Obninsk, USSR), Teplofizika Vysokikh Temperatur,
Vv 16:109-116, Jan.-Feb. 1978, In Russian

. A mathematical model is proposed for a heat tube waich employs a homogeneous wick and
an essentially low-temperature heat-transfer agent, and which operated with a partially
wetted wick in a field of mass forces. The calculatiocn of heat-tube parameters is
demonstrated by an example. It is shown that heat fluxes are much smaller in the presence
than in the absence of a field of mass forces. The model proposed is seen to be well-
suited for evaluating the heat-transfer characteristics of heat tubes and for extracolating
test data from conditions in the presence of a field of mass forces to conditions in the
absence of the field.

HP78 31017 EVAPORATOR FILM COEFFICIENTS OF GROOVED HEAT PIPES

Kamor :ni, Y., (Case Western Reserve Univ., Cleveland, CH), 3rd Int. Heat Pipe Ccnf. Tech.
Pape: 5, Palo Alto, CA, p. 128-130, May 22-24, 1978, AIAA, Inc., New York, NY, A78-35594
Avail :AIAA :

The heat transfer rate in the meniscus attachment region of a grooved heat pipe
evaporator is studied theoretically. The analvsis shows that the evaporation takes place
mainly in the region where the liquid changes its shape sharwnly. However, comparisons
with available heat transfer data indicate that the heat transier rate in the meniscus
varying region is substantially reduced probably due to groove wall surface roughness.

HP78 31018 METHOD FOR CALCULATING UNSTEZADY CONVECTIVE HEAT TRANSFER IN CHANNELS OF
NON-CIRCULAR CPOSS~SECTION

Xochubei, A.A., Riadno, A.A., (Dnepropetrovskii Gosudarstvennyi Universitet, Dnepropetrovsk
Ukrainian SSR), Teplofizika I Teplotekhnika, p. 79-33, N33, 1977, In Russian, A78-223540

The Xantarovich method (1362) and the method of characteristics are used to solve the
unsteady boundary value problem of convective heat transiar in the st2ady flow of a
viscuous incompressible £fluid in a pipe of arbitrary cross-secticn. Temperature .-
distribution is determined by integrating the energy eguation; velocity prcfiles are
"determined by simultaneocus sclution of the eqguations of motion and continuity. = The mecdod
used can be apolied to pipes of elliptical, »rismatic, ractangular, and otaer cross-
section shapes Zfor the case of laminar £low.

HP73 31019 AXIAL POWER LIMITS OF HEAT 'PIPES IN VERTICAL POSITION OPERATING WITHY GRAVITY
Mojtabi, A., (CNRS, Aerotherm. Lab.

’
Lettezs in Heat and Mass Transfer, V
No abstract available

4 TER Route Des Gardes/F-321390 Meudon, france),
5:141~-148, N2, 1978

EP78 31020 HEAT AND MASS TRANSFER IN UNDEVELCPED 30ILING IN HEAT-TRANSMITTING SLOT
CHANNELS

Jovikov, P.A., Lvubin, L.Y., Snezhko, £.X., (Lykov Inst. of Heat. and Mass Transfer, Acad.
of Sci. of the 3SSR), J. Eng. Phys., V 31:1423-1429%, N6, l4 refs, Dec. 1976

A study is macde of the use of narrow heat-transmitting slot channels Zillad wizh a
sublining heac-=ransiz2r mediuwn as ordinarv heat Dipes in which the role of the wick is
plaved by the closed slot channels partially filled with liguid. In particular, the
effectiveness of such neat-transmitting devices in <he separation of the heat-transfesr
medium in the "hot" zone 9f a plant slot gap is considered.

ZEP7S 31321 AN INVESTIGATION OF JEAT 2IPE MENISCTUS IZAT TRANSEIR

Saaski, £.W., Franklin, J.L., (Sicma Res. Inc., Richlané, WA), McCreight, C.R., (¥asx,
Ames, Moifewx% Tield, la), 3rd Int. Heat Pipe Coni. Tach. Papers, Palo aAlzo, Ciy, o. 131,
132, Mav 22-24, 1373, AZAA, Inc., New York, VY, A78-33333

Avail;alIaa

The use oI grooved 2vaporatdr surfaces in teat pices has increzased .Ln zovularisr in
tle past faw vears srimarily due =o the reproducibilisw achiewvaple witli zrocoved walls and
tae relatively low 2osts oF zhe zaresading or 2xtrusicn avclved in <heir
oroduct:ion.  The ovesent stuldv sombines toth sacg sguars grocve
feometrias, Wit 3Teclal 2mphasis n o odvered - 2r analvses with
inite-diffarence mezncds ané jrocove-Iillet . The zrsove
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fillet, which has in previcus analyses been assumed constant in radius of curvature, is
permitted to change ia thickness and curvature consistent with nydrodynamics and heat loss
from the groove. A model is ceveloped for accurate determination of the eflect of
constriction resistance on groove performance. The grooved-surface tests to be conducted
are briefly described which will provide data under closely controlled aperation to ailow
ccmparison and verification of the analyses.

HP78 31022 DYNAMIC CHARACTERISTICS OF DOUBLZ-PIPE HEAT EXCHANGERS WITH DOUBLE PHASE CHANGE

Schult, M., Mayinger, F., (Der Technischen Universitat Hanncver, #annover, FRG), 23th
Annual Winter Mtg., of ASME, Atlanta, GA, Nov. 27-Dec. 2, 1977, ASME, ¥New York, NY
No abstract available

HP78 31023 INVESTIGATION OF ZEAT TRANSFER IN LAMINAR FLOW OF LIGHAT TAR IN AN IRREGULARLY
SHAPED CHANNEL

Semena, M.G., Xlimkin, Y.V., {Kiev Polytech. Inst. Ukrainian SSR), Heat Transfer Sov. Res.,
v 9:127-133, N2, 8 refs, March-april 1977

The application of heat pipes for tar melting equipment is considered. Experimental
data on heat transfer in laminar flow of tar bitumen are presented. A multifactorial,
multilevel experimental desicn was used. An interpolation eguation for the heat transfer
coefficiant was obtained and cthe =2Zfact of variabls wviscesity on aeat tramsier in an
irregularly shaped channel was estimated.

278 317234 AN X 2PRQXIMATI METHOD FOR CALCULATING TiIZ IZAT-TRANSFEIR AGENT FLOW RATZ
THRO GH A PLANE-PARALLZIL, POROUS HEAT PIPE WICX

Shcherbakov, V.X., 3Semena, M.C., Sharaewvskii, I.5., (Kievski
Xiev, Ukrainian S3R), Tepicfizika I Teplotekihnika, N29, p. 3
Sov. Res., V 9:114-119, March-April 1377, A78-30499

No abstract available

[V ol
[]

Policekhnicheskii Instituc,
37, 1375, Heat Transfer-

2P78 31025 THE HEAT TRANSFER 3Y 30ILING IN SPLITS, CAPILLARIZS, WICX STRUCTURES

Smirnov, G F., XKoba, A.L., Afanasev, B.A., (Odessa Refrigeration Tech. Inst., Odessa,
Ukrainian  SR), 3rd Int. Heatr Pipe Conf. Tach. Papers, Palo Alto, CA, 3 p., Mday 22-24,
1978, AIAN Inc., Vew York, NY, A78-35636
Avail:AIAlx

The pi ysical ideas of boiling in capillary-wick structures are groposad. Two nain °
situations are studied: (l)boiling in capill arv-w*ck structures bonded to a wall; and -
(2)boiling in capillarv-wick structures separatad ::c. tne wall., The analogy with socl
boiling in the herizontal splic is proposed for the latter sicuation. The methods and
results of experimental investigations of sool boiling in horizontal splits and capillaxy-
wick st-uctures sounded to the wall ars presenhea. The experimental data obrained by <h
authors and presented in the lxte'ata e are generalized on the casis of proposed
approximated models.

g4P73 11025 HIGH~-TEMPERATURE HEAT PIPES INVESTIGATION AT RADIAL HEAT TRANSFEZR

Tolubinskii, Vv.I., Shevchuk, EZ.N., Makarov, V.I., Tomashewsxkil, A.G., (Akademiia Nauk
Uxrainskoi SSR, Institut Tekhnicheskoi Teplofiziki, Xiav, Ukrainian 3SR), 3rd Int. Heat
Pipe Conf Tech. Papers, Palo alto, CA, p. 292-296, May 22-2%, 1973, AIAA, Inc., New Yor
NY, A78-3561s5"
Avail:AIaa
It is noted that the vapor channel caloric intensity 9f radially arranced heat sipes

is almost <wo orders lass =han that of heat zises arrancged axzally. The a2ffact is due-
prinmarily to intsractions between the evaporation and condensation sursfaces. Attention is
given to pipe dimensions and their influence on £low acceleration and Iriction loss. It
is observed that heat pizes with radial heat transfer fermit a sharp increase in the power

ransmittad under ccmparacle e:fec:;ve radii cf caciilary menisca curvacure, as well as
simplifviag stars-up zarough simultaneous neaingy I the waole condensation suriace.

2273 31027 HEAT TRANSFER IN TEE 30ILING OF & LIQUID IN 20R20US AND JEVELCPED HEATING

SURTACES
vasilev, L..L., Abramenko, A.N., Xancnchaikx, L.2., {Akademila Yauk 3elorusskoi S38, Iastizus
Teplios I Massobmena, Miask, 3elsrussian 3SR), Inzhenernc-Tlzicleskii Zhurnmal, 7 34:741-761,

Apxril 1373, In R2uss:an, AT8-213094

The prasent paper Ls a nrial review oFf <heoretizal and 2xperimenzal rasulss sbtained
5y varzous investizatsrs of ool seiling teat tIranszar FoITus caplllary surfaces and
Iram zurface soversd wies a 2aplliary netwoIk. Tihe LIS Soverwd lnclucde the resulss sf
an inaivsis af a 1-;b-beac-5_ui wasar 1eazT IiTe =27aroTac tte ise 5I thia Zilms Ior
increasing evagoracisn ind condensation fata Sn tne sTasillity oZ zoiling hneat
sransiar; and data Sn rafosiIatioa teat inoSagillary neat pife wilks.

24
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IIZ. C. FLUID FLOW

HP73 32004 AXIALLY GROOVED HEAT PIPE STUDY

(B ané X Engng., Inc., Towson, MD), NASA-CR-156678, BK012-1009, NAS3-22S62, 103 »., 1977,
N78-16317/7SL

A technology evaluation study on axially grooved heat 2ipes is presented. The state-
of-the-art is reviewed and present and future reguirements are idencified. Analytical
models, the groove 2analysis zrogram (GAP) and a closed-form solurion, were devaloped &9
facilitate parametric serformance evaluations. GA? provides a numerical solution of the
differential equations which govern the hydrodynamic flow. The model accounts for liguid
recession, ligquid-vapor shear interacticn, puddlie Zlow, as well as laminar and turbulent
vapor flow conditions. The closed Zorm solution was developed to reduce computation time
and cecmplexity in parametric evaluations. It is applicable tc laminar and ideal charge
conditicns, liguid-vapor shear interaction, and an empirical ligquid flow factor which
accounts Icr groove g2ometry and liguid recession effects. The wvalidity of the closed-
form sclution is verified 2y comparison with GAP predictions and measured data.

HP78 32005 THE DRY~OUT LIMITS OF GRAVITY-ASSIST HEAT PIPES WITH CAPILLARY FLOW

Busse, C.A., (Euratom and Comitato Nazionale per L'EZnergia Nucleare, Cesntro Comune di
Ricerche, Ispra, Italy), Xemme, J.E., (Univ. of California, Los 3lamos, ¥M), 3rd Int. Heat
Pipe Conf. Tech. Papers, Palo Alto, CA, p. 41~48, May 22-24, 1378, AIAA, Inc., New York,
NY, A78-35383
Avail:AIAA

Dry-outs of two different kinds can occur in gravity-assist heat pipes with capillary
€iow. An excess of aydrostatic driving force can lead to a receding of the menisci into
the capillary structurs and an "azimuthal dry-out" characterized by a concentration of tiae
ligquié flow on the lower part of the circumference cf the heat pipe. The az:imuthal dry-~
out most likelyv occurs 3during start-up and disappears at higher heat Zluxes. It can be
orevented by using a graded capillarv structure or a homogeneous capillarv structure wish
a static capillary *lse, which sxceeds cthe highest point of zhe evagorator. A lack of
hvdérostatic driving force, on the other hand, leads to an "axial dry-out,”" which is
characterized by a lack of axial liguié return. If the heat pipe has a ligquid pool at the
bottom, the reaching of the axial dry-out limit in the capillary flow mode will manifest
itself as the beginning of a pool transfer and an eventual transition <0 a new stationary
state with mixed capillary and Zree flow. The basic eguation Zor the axial dry-ocut is
derived and resolved for a simple case. The rolie of inertia forces and entrainment is
pointed out. . e

¥p78 32006 THE SUPERSONIC FLOW OF VAPOR IN THE CONDENSATION ZONE OF HIGH-TEMPERATURE HEAT
PIPES

gvstrov, P.I., Popov, A.N., (Akademiia Nauk SSSR, Moscow, USSR), 3ré Int. Heat Pipe Conf.
Tech. Papers, Palo alss, CA, p. 21-26, May 22-24, 1978, AIAA, Inc., New York, NY, A78-35380
Avail:aTas

A calculation procedure is develoced Zfor the supersonic flow of vapor in the
condensation zone of high-temperature heat pipes. The =2guations account Ior
compressibility, friction, vapor velocity profile, non-uniform mass suction, and
cemperature dependence. Vapor state is descrized by an ecuilibrium two-zhase flow model.
The method is tested Zfor a supersonic vapor flow in sodium heat pives with wvarious cooling
intensities. Good agreement is found between calculation results and experimental data. °

5278 32007 SHOCX WAVES IN THEE VAPOR FLOW OF HEAT PIPES

vsLICVY, - Donov, A.N., Teplofizika 7vsokikh Temperatur, ¥V 16:137-142, Jan.-Teb. 1378,
= Russian, 278-3271

A method is proposed for calculating supersonic vapor flows and shock waves in the
condensation zone of a heat pipe on the basis 0f squations of motion averaged with raspect
= the channel csrsss-secticn.  The 2gQuations taka 1nto consideration the real velocizv
orofile, the compress:bility and Zziction oI the vapor flow, and the non-unilformizy 2%
heat relsase. An sguili:brium two-phase model is used to descrike the state of =he vagor.
Jiagrams shcwing the distsibution o9f the vapor zarameters along the length 9F a sodium
hedat pipe are discussed.

AR
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3273 329C0%  CGAS-INTERFACE 3TUSIZS IN LARGE HCRIIONTAL HEZAD 2IPZs

o . - - - - .- P

-averai_, I.Z., L3SL, Los Alamos, NM), IRDA Inergzy Res. Abszr., 13p., 377
NS absizact avaolable
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2p78 32002 HIGH PERFORMANCE, HIGH TEMPERATURE HEAT PIDES

Eastman, G.Y¥., Erast, D.M., (Thermacore, Inc., Leola, PA), 3rd Int. Heat Pipe Conf. Tech.
Papers, Palo Alto, CA, p. 268-273, May 22-24, 1978, AIAaA, Inc., New York, NY, A78-35613
Avail:AZIAA

Mathematical models are contrasted with empirical data in an effort to design heat
pipes using high performance wick structures. Objectives are an input power density of
100 w/cm< and an axial power density of 13,000 w/eme, with an operating temperature of up
=0 1600 C. Attantion is given to the perZormance of fine porz powder metal wicks wich
integral low loss liguid fiow passages (toth alkali and integral metal working fluids).
taminar and turbulent flow garameters are also considered as a function of periormance.

gp78 32010 THE MARANGONI EFFECT AND CAPACITY DEGRADATION IN AXIALLY GROCVED HEAT 2IPES

Eninger, J.E., Marcus, B.C., (TRW Defense and Space Systems Group, Redondo Beach, CA}), 3rd
Int. Heat Pipe Conf. Tech. Papers, Palo alto, CA, p. 414-417, May 22-24, 1378, AIAA, Inc.,
New York, NY, a78-35633
Avail:AIAA

The Marangoni effect is proposed as the primary mechanism responsible for the
observed capacity degradation in gas-loaded variable-conductance axially grooved heat
pipes. The tamcerature-induced surlace-cansion gradient in the gas-zlocked porzion of
condenser drives a recirculatory flow. The pressure 2rop associac2d with it subtracts
srom the capillary pressure available to drive the condensate return in the active region.
A mathematical model is presanted and the results are compared to experimental
measurements.

4p78 32011 MATHEEMATICAL MODELING OF CURRENT DISTRIBUTION PROCESSZIS IN COMPLEX NON-LINEAR
CIRCUITS

Groz, S.M., Maksimeniuk, I.A., Chelabchi, V.N., (Xiev, Institut Matematiki an USSR),
Sclucion of 3Boundary Value Problems by Means of Mathematical Modeling, ». 88-31, 1976,
In Russian, A78=-233532

No apstract availapla

HP78 32012 ENTRAINMENT LIMITS IN HZAT PIPES

Tien, C.L., Chung, X.5., (Univ. of California, Berkeley, CA), 3 E i
.S. . Zorr v z rd Int. deat Pipe Conf
Tech. Papers, 2 £ - : 78, . X 2353
Avail:AIAi s, Palo Alto, CA, p. 36-40, May 22-24, 1978, AIAA, Inc., New York, NY, A78-35382
The present work explores the physical basis for th ] limit i i
. e g b L 2hy £ the entrainment limit in heat piges
anc atiempts to develop adequate quantitative criteria for the limit. Analogy is T

efphas;:ed ;e:e Setween the entrainment phenomencn in heat »ipes and the Zlcoding
Euenoqenon il counter-current vapor-liguid Ilow systems. The maximum Sperating heat
transfer rates Zor variosus heat pipes due to entrainment limitation ars establiszhed semi-
ifpzfically bv way cf quifying‘ex;sting flooding correlations. While the oresent
resu-ts arsz successful in correlating the limited experimental data available, further

experinental studies are needed in assessing the validity of =he established criczeria.

8278 32913 NUMERIC;E CALCULATIONS ON THE VAPOR FLOW IN A FLAT-PLATE HEAT 2IPE WITH
ASYMMETRICAL 3CUNDARY CONDITIONS

Van Ooijen, H., Hoogendoora, C.J., (Delft, Technische Hogeschool, Delfs, Netherlands), 3rd
Int. Hear Pipe Conf. Tach. Pagers, Palo Alta, CA, o. 27-35, way 22-21, 1973, AIAn, Inc.
New ¥ork, NY, A78-33331 ) ' '
Avail:AZaa

Steady laminar incompressible two-dimensional Zlow in a horizontal Slat-plate heat
sipe with an adiabatic £op plate was scudied. For uniform esvaporation and condensaticn
rates, the Navier-stokes eguations and the continuity egquation were solved. For radial
Reynolds numbers greater zhan one, the velocity stofiles were non-similar andé asvmetrical.
AT :ad;al fevnolds numsers grzater t=han .0, backilow was cbserved alcng <he =22 ilate
starting 2 : 3 I =he zzndensat-on tone. At the highest radial Fevncids ﬁu&ne:, 33,
<he :tcta Jver tie 71eat zirfe was nore than three times the value founé from

However, comp b very oI .moulse srassure was Sound and

es ccul : 2 =0 Lncreased Iricticnal lcsses.
greement.
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IV, DESIGi, DEVELOPMENT, AND FABRICATION

IV. A. GENERAL

HP78 40010 A RE-EINTRANT GROOVE HYDROGEN HEAT 2IPE

Alarid, J., Xosson, R., McCreignt, C., (Grumman Aerospace Corp., 3ethpage, NY), (NASA, ames,
Moffett Field, C3a), 3rd Int. Heat Pipe Conf. Tech. Pacers, Palo alto, Ca, 2. 194-202,
May 22-24, 1978, AIAA, Inc., New York, NY, A78-35603
Avail:AIad

This paper extends the development of re-entrant groove technology to hvdrcgen heat
pipes. Parametric analyses are presented which optimize the theorstical desicn while
considering the limications of statz-of-the-art extrusion technology. Accsaptable
production-type runs of extruded lengths (over 300 m) could only be achieved at the
expense of a wider ncminal groove opening than specified (0.33 mm vs. 0.20 mm). However,
dimensional variations of other critical dimensions were within 0.05 mm, which axceeded
expectations. The 6063-T6 aluminum extrusion is 14.6 mm OD with a wall thickness cf 1.66
mm and centains 20 axial grooves which surround a central 9.3-mm-~diam. vapor core. g£ach
axial groove is 0.775-mm-diam. with a 0.33 mm opening. An excess vapor resarvoir is
provided at the evaporator to minimize the oressure containment hazard during ambient
storage. Details of the instrumentation and relium-cooled test installation are also
presented.

HP78 40011 HEAT PIPE MATERIALS COMPATIBILITY EIXTENDED XEPORT

Antoniux, D., Luedke, E., (TRW, Redondo Seach, CA), (NASA, Lawis, Cleveland, OQOH), TRW
sales no. 31122.07, NASA Contract no. NAS 3-20872, Dec. 1377
Avail:TAC

The second

-~

shase of an experimental program that lasta2d 22 xmonths So evaluate

acn-cordensable cas generaticn in ammonia heat pipes has been c2 mc’e-ad sy TRW Jefanse and
Spa;g Systems Gooup. TOrtv-two neat pipes macde of alunmi el, ¢z
combinations of those materials were overates at differen d langths of
time, and tested at tamperatures rang;ng from =30 C to 10 C el detarmine
cas generation rates. In order of iacrzasing stabilitcy ars al ﬁ-nun/s:a nless steel

combination, all-zluminum ané all-stainless st=2el solvent-cleaned heat :iaes. It is
conc;qced that solvent-~cleaning for botx all-zluminum and a-‘-sta-nless'siee; heat piges

vields lower lcng-term gas generation than chemical ¢leaning.

HP78 40012 HEAT PIPE CAPABLE OF OPERATING AGAINST GRAVITY AND STRUCTURES UTILIZING SAME

Basiulis, a., US Patent no. 4,057,963, Nov. 13, 1977
Avail:Pacent Qffjce

A heat pipe has its ewvaporator at its upper end and its condenser at its lower and,
and an adiabatic section separating the two so that capillary wicks or grooves do not
extend through tie heat pipe. A central liquid return tube 2xtends hetween =he
evaporator and condenser. A vapor bubble generator 1s placed at cthe condenser section in
the reservoir where the liguid state of the working £iluid collects. When the vapor bubble
generatar is cperated, bubbles Zorm which, because of their zuovancy, will rise to the zop
of the central tube. As they rise, small amounts of working fluid in its liguid stacs will
be carried wicth the bubbles and spill over the tcp of the tube and onto the avapcrator
wick. As a ccnseguence, the heat pipe is insensitive to its vertical height and can
operate against gravitational fcrces.

3P78 40013 PRECISION TEMPERATURE CONTROL WITH GAS - 3UFFERED WATER HEAT PIPES

3assani, C., Loens, J., (Euratom and Comitato MNazionale Per L'
Comune di Ricerche, Ispra, Italv), 3rd Int. Heat Pipe Coni. T
p. l62~165, May 22-24, 1378, AIAA, Inc., New York, Y, A78-3S
Avail:AIan

Inergia Nuclears Cantrzo
ch. Papers, Paloc alto, <Ca,

Studies are raporta2<d cn the improvement 2I the temperature contrdl of zas-pbuifsrad
heat jipe <hermecstats. Pr ezlouslv observed Jraessure Iluctuations were =lim1ﬂateﬁ 2y use
of a lightar suffer zas. A utomatic prassure <ontrol svstam was daveloped, which
allows to maintain zemperat: :e stapility <o witain I J3.J01 C/day at an operating
temperatura 5¢ 100 C. A new thermostatic heat dire was built to raduce :as soluzion and
impurizy 2£83fects =he thermostatic ccne was >laced at the far side oI the heating zone wizh
resvect =o =he gzas tuiler, a ng vaive was incorporatad Zor 2lixinacing any accunulatad
Zas in the thermostatic Ione in aux;lia'v sondenser was sroviied Ior i
continucusly the surface o 8r=0statiT champer with Iresa condansace,
diiZarences along =he axis ~2at Jige wers neasurad w
NLIN A sensitivics <2f .30 Tha first Teasuramants I°
semferacure gslaszaus of il l2vals at cth sides of <
t¥nTerazura scmggene~zy oF rmQ§Tizis Ione 30 Imolong
3.331. Tha zes: sz-ained T.ir2 ngmegenelty was .J33C2 Z.
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4p78 40014 COAXIAL METALLURGICAL JUNCTION, ESPSCIALLY FOR THERMIONIC CONVERTERS, SPECIAL
FURNACES IN THE VACUUM TECHNIQUE

Belicic, M., Garman (FRG) Patent no. 2,347,203, Nov. 25, 1376, In Garman .

The metallic joining of coaxial pipes with bolts or pipes by weldlgg brings
difficulties if the parts have dilferant coeffiicients oI :hg:mal 2xpansion and are_
subjected to an additiopal thermal cyclic loading. For such a case, tne anentof suggests
to provide the extarnal pipe, and if necessary, the ianternal pipe with coax;a% §-ots. B
This mav xelp to reduce the dangerous radiai zeasion. The slo;s are staggered tetween the
internal andé the external pipe diameter. The joints may be‘wexdec norma%;y or bgazed
normally maintaining the width of the slots. Overlapping rings or expanding manérels are
orovided for the maintenance of the pize rigidicy.

—_— e —————

HP78 400135 HEAT TRANSFZR EQUISMENT

Brost, 0., Schubert, P., Groll, M., Zimmerman, P., German (FRG) Patent no. 2,350,980/3,
Nov. 18, 1976, In German

For a heat transier facility, a so-called gas-stabilized neat pipe, an improvemen: is
described which shall guarantee that control of the operational temperature will be
possible with high accuracy, independent of the direction of heat tfransgort. It is
charactarized by a connecting pipe Ooriginating at the gas reservoir, passing through the
chamber in axial direction, and being provided with openings in the range of the cooling
as well as the heating pipes. t is of advantage to provide th. inner walls of the
connecting pipe, as well as the gas reservoir wWwith a capillary . iructure.

9P78 4001ls ALASKRA LINE DEVELOPS NEW TECANOLOGY .
Congram, G.Z., Qil Gas J., Vv 75:95-96, 101-102, 104, 109-111, N43, Nov 21, 1977
Significant developments and techniques used in the design and construction of the
Trans~ilasxa Pipelire are aighlighted. Some of these methods wers used to insure
structural integricty of the sipeline ané its necessary supporzing agquipment. Others
were Zesie¢ned to protect both the pipeline and the Alaskan frontiar environment and its
inhabitants. Special consideractions were given to heat pipes %o maintain carmairost in a
stable conditicn, cathodic protection to prevent sorrosion. and installation of zata and
neck wvalves Ior assuring @ne operating integrity and pror :ction of natural resources and
zhe environment.

JP78 40017 A LARGE-SCALE HEAT IXCHANGER WITH POLYGONALLY .ONFIGURATED HEAT PI2E UNITS

Reizumi, T., Furuya, S., Matsumoto, X., Xarawawa, X., (fur kawa Electric Co., Ltd., Tokvo, ..
Japan), 3ré Int. Heat Pipe Conf, Tech. Papers, Palo Alto, A, p. 76-79, May 22-24, 1978,
AIAA, Inc., Yew York, NY, A78-35588 . o -

Avail:AIaa

A large-scale zeat exchanger with polygonally configurated heat pipe units is '
Proposed for heat racovery svstem with larce gas {low rate. The length of a heat pige is
restrictad by the maximum heat t2ransfer limit and the linit of fabrication, and therefors,
the height/width ratio of the face arsa hecomes unbalanced i1I the heat pipes are
arranged in =raditicnal rectangular prism configuratica. This makes the installation
space unfavorably large and unsymmetrical, and then ducting work also beccmes auch Tore
d4ifficult. The proszlem can be resolved by intrecducing a novel arrangement of heat pige
elements in polygonal configuration. This pager describes outline of the large heat
exchanger, some design exampies and experimental results of 2 model heat exchanger with
nexagonally configuraced heat pipe units.

HP78 40018 A VARIABLE CONDUCTANCE HEAT PIPE FOR TERRESTRIAL APPLICATIONS

¥Molt, W. (Dornier System GMBE, Friedrichshafen, W. Germany), 3rd Int. Heat Pipe Conf. Tech.
Papers, Palo Alto, &A, 5. 10-14, May 22-24, 1378, AZAA, Inc., ¥ew York, NY, A78-353738
Avail:AlAA

A new type of variable conductance heat pige, the liguid contrslled heat pipe (LCHP),
=as been developad., wWhile the gas controlled neat 2ife i3 2ble =0 stapilize the
temperature of the Socling zone %o a cersain adjustaplis value. The savysical srinciple s
< ragulate ke heat sransfar capabilisy by regfulating the amcunt of lizuid inside the
leat pipe. The ligzuild par<lv seorsd ia a reseZvolr With a variable volume, as far examcie,
2 sellows. Th :aﬁ;e:ature of the ccolin
S SPring) on zhe Liows. The LZlI? .3
samperature or wh : 7agor pressure ins

sorrascondiag T2 the VICOr tressure (323S
icaple wner2 ntear (s needed at a asnstant
de a leat pice las =0 sSe limicad,

0
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A58 40013  3aS TILLID SWIVEL JOINT TOR CRYOGENIT HEAT PIPES

LA AR 4

wewsryza, ®.J., Dawsoa, F.W., TS Patent no. 4,363,364, Jan. I3, 1373

wwairl:laeens J€s: . . . :
Inoa racwy @, cSSncultIlTUe Sa.. N scoxat Temcers ara fixed

=5 ressaceiea - rencgonal TTvverent oI sne teaz Zife zalaziva T2

-na Jtner a- & scockat Temgers L3 Raintained inder a ligas

zas Prassure rming 2 .C8W tnermal Lmpedence 2atih icrsss the Tap.
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HP78 40020 HIGH TEMPERATURE HEAT PIPES FOR TERRESTRIAL APPLICATIONS

Ranken, W.A., Lundberg, L.3., (Univ. of California, Los Alamos, NM), 3rd Int. Heat Pipe
Conf. Tech. Papers, ?2alo alto, Ca, p. 283-291, May 22-24, 1978, AIAaA, Inc., New York, NY
A78-35615
Avail:AIAa

A high-temperature heat pipe design is described in which ceramic tubing is used to
provide the basic structure and containment. The interior wall of this tubing is lined
with 2 chemically vapor deposited metallic laver to protect the ceramic from the the alkali
metal working Zluid and Zuraish a distriputive wicking surface. High remperature oprazes
and ceramic bonding agents are used to seal the assembly. The results of a crogram %o
develop such a unit Zor application to high temperature recuperators are discussed and
potential applications to coal conversicn and ccal utilization systems are reviewed.

H278 40021 MULTI-CHAMBER CONTROLLABLE HEAT PIPE

Shlosinger, A.P., (XASA, Ames, Mcffett rield, CA), US Patent no. 3,543,839, 8 p., 1969,
N78-17337/4SL
Avail:Patent QOffice

A temperature controllable heat pipe switching device is reported. It includes
separate evaporating and condensing chambers interconnected by separate vapor £low and
liquid return ccnduits. The vapor flow conduit can be opened or closad %0 the flow of
vapor, whereas the liquid return conduit blocks vapor flow at all times. When the vapor
£low path is oven, the device has high thermal conductivity, and when the vapor flow gath
is blocked, the device has low thermal conductivity.

HP78 40022 HEAT PIPSE WITH DUAL WORKING FLUIDS

Shlosinger, A.P., (NASA, ames, Moffett Field, CA), Patent supersedes PAT-APP -42 088-70,
5§ 9., 1970, N78-17336/6SL
Avail:Patent Of£Zice, $0.30

A heat pipe design is offered that utilizes an auxiliary working £luid. The Zluid,
although being less efficient than the main working £luid, remains liguid at low heat
loads when the main working fluid freezes.

IVv. B. WICXs

HP78 41006 COMPLEX INVESTIGATION OF CHARACTERISTICS AND PROCESSES IN ARTERY-GROC' ED HEAT
4 PIPES

Chaikovskii, V., Smirnov, G., Burdo, 0., Smirnova, J., ILaroshevich, I., (Odessa -
Technological Institute of Food Industry, Odessa, Ukrainian SSR), 3rd Iant. Heat Pipe Conf.
Tech. Pagpers, 2alo aAlts, CA, 2. 426-433, May 22-24, 1978, AIaA, Inc., New York, NY
A78-35635
Avail:AIAaA

The effective thermal conductivity of grooved capillary structures of triangular and
rectangular shapes within the range of liguid-chase/metal thermal conductivities Irom 0.1
tc 2.001 has been investigated wish the help of the e2lectrothermal analogy method. The
depencdences Sor calculating the a2ffactive sonductivity of such structures under the
conditions of evaporation and ceondensation have been obtained. The thermal model was
based on the superposition principle of separate thermal resistances. The estimated
values are in good agreement with experimental data cotained Zor a flat teat pipe. The
results permittaed optimization of the parameters oOf cooling systems with heat pipes.

HP78 41007 DEVELOPMENT OF AN AXIALLY GROOVED HEAT PIPE WITH NON-CCNSTANT GROQVE WIDTH
Schliz+t, X.R., (SRWNO Raumfahr=<tachnik SMBH, 3remen, W. Germanv), 3rd Iat.

e
Tech. Papers, ?ale alto, CA, p. 1-3, May 22-24, 1978, AIAA, Inc., YNew York, NY, A78-3557
Avail:AIAAa

HY
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The paper prasents a new concept of an axially grooved heat pige, wnich is composad

sf wwo or %hr2e »ice sections with diffasrent groove Zimensions -o increase wiZk

. ' sermeapilisy. The rasult i3 a wick Zesign with gJraded zorssisy a:ac‘o' and 21igh heacz
::ansp Tt cagability. Acszeording to test rasults, which compare Iavorably wish oradicztad
datz2, heat cransport of zhe new 1eat pife 1S three times larger <than in comparzdle
conventional designs. This improvement Ls partly due 2 the graded porosity wick desizn
and parzly 3ue o avoiding shear interacsticon Zetween vapoer and liguid ~ion o =he

- sonstant conductance ncde, the concest may se also affaczivelw z d trap
thermal dicde design. ?o-=n:‘al arplicacwons Icr the new Zesizn ned in
Spacelap utilizaticn zrograms and Zuture 11Tl sower communicaticn 2aad scientiiic spaca-rafs

Frotects.
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EP78 41008 STUDY OF THE EFFECTIVE THERMAL CONDUCTIVITY OF METALLOFIBROUS WICXS OF LOW-
TEMPERATURE HEAT PIPES :

Semina, M.G., Zaripov, V.X., Inzh. Fiz. 2h., V 33:253-262, 1977
No abstract available

HP78 41009 APPROXIMATE METHOD FOR CALCULATING THE HEAT-TRANSTER AGENT FLOWRATE THROUGH A
PLANE-PARALLEL POROUS HEAT-PIPE WICX

Scherbakov, V.X., Semena, M.G., Sharayevskiy, I.G., Kiev Polytech. Inst,, Ukrainian SSR),
Heat Transfer Sov. Res., V 9:114-119, N2, 3 refs, March-april 1977

An approximate method for determining the flowrate of *the heat transier agent through
a plane-parallel pornus heat pipe wick is analyzed. The rate of heat transfer agent
absorption on the wick surface is determined by methods of pressure under pressure.

2P78 41010 APPROXIMATEZ THEORY OF HEAT TRANSFER OF LIQUIDS BOILING ON SURFACES COVERED
WITH CAPILLARY POPOUS STRUCTURES

Smirnov, G., (Odessa Tech. Inst. of Refrigerating Ind,, Ukrainian SSR), Teploenergetika,
2. 77-80, N9, 1l refs, Sept. 1977, In Russian

The mechanisms of heat transfer of ligquids bdeoiling in capillary-porous structurss
fixed to a wall is considered. Such structures are ut:lized in heat pipes of different
designs: vapor chambers and special heat exchangers.

HP78 41011 HEAT TRANSFER AT LIQUID EVAPORATION FROM WICKXS CAPILLARY STRUCTURE OF LOW
TEMPERATURE HEAT PIPES

Tolubinskii, V.I., Antonenko, V.A., Ostrovskii, I.N., Shevchuk, E.N., (Akademiia Nauk
Ckrainskoi SSR, Institut Tekhnicheskoi Teplofiziki, XKiev, Ukrainian SSR), 3rd Iat. Heat
Pipe Conf. Tech. larers, Palo Alto, CA, p. 140-146, May 22-24, 1978, AIAA, Inc., New York,
NY, A78-35396 ’ -
Avail:AIAA

No abstract available

IV. €. MATERIALS -

H273 42003 RESLIABILITY OF LOW~COST LIQUID M4ETAL HEAT PIPES

="a.rel.l, G.J., 3asiulis, A., Lamp, T.R., (Fughes Aircrast Co., Torraance, CA), 2ré In:s. Heat
Pipe C 33:. Tecii. Papers, Palo Alto, CA, ». 297-302, Hay 22-24, 1373, AIAA, Inc., Xew York,
- POt Tori

.vz, A‘ -3386.L7

. Fow-cast stainless steel heat pipes containiig sodium or gotassium workine fluids
have been proven =o have long-term reliability. Heat pires Zfabrizatad Srom 304 stainiess
steel with wicks of <he same material have exainited ovar 10,000 nours of =eliaple
ogeration at 600 C (gotassium) and 790 C (secdium) in atbien“ anvironments., Temoe:a:
$zablility was maintained to within 3 C over the =est Txtensive metallursical

—\e—--n

est gericd.
aralyses of inner and outar surfaces of the heat giges and of the wicks hnave snc&n oniy
“‘99' amounts of mararial ::ans;ot: and of leaching Izsm inner scrfaces. Sxternal )
oxidaclon was negligible and there were no indicacions of slectrclviic corrosion. 7Th
decth oI inper surface at=ack was gn’v J.201 =2 3.233 2m in =hickness afzesr 13,309 Rouss
of ggerazion. Frem tais iaformation lifecires in =2xcess of 50,000 hours can be raiiably
srediczad. )
¥p73

42004 CUSE COF REFRACTORY METALS WITH ADCITIVES IN OXVGEN STABILIZING ZLEMENTS AS WALL
MATERIALS TOR HEATER TUBES

irait, 3., Poewzschka, M., 3usse, C., Geiger, T., German {TRG) 2arent no. 1,751,4ll,C,
Nov. 4, 1976, In German

. Premacure destructicn sy corrosion of wall naterials Zor heat conducting tuzes Zor
Rizh =emmeratures is argwnqted -v asing refzactery Tetals, such as nicbium, =zanctaium,
Ilreonium (&5 a Lesser axwant /cdendm ancé :ungscan) . “ch tuzes ares ised, Zor axample,
17 thermlionic anacgy scnversars °: zemperazures 32 1300 35 1300 2. Liznium is maialy used
2s the 2vaporating and Iondansing :so‘an- 17 The firsuis.  ALlovs such as niobium Wi r2
fertent zirgsgnium and sancalum wisth five fersent Iungsten an se consiidered for walls,
iTart Irocm pure ra2irzcs —erals T =2 383 3P. UTIrium 3r gerium 3¢ latkanum aira
2cZed as sxygen scasil: - 1s redugas Ine tellgisy 3% iifSusion 2f <ha
axvgen in =ie wall mazs 3 Tent 02T The Tonsinuously Ilowing filling
:3:§:ial san dissolve o > am 57 3esSsit ina sorrassoniiac oxide - =ne
IoTsustion some. A mei - 31 metal naving 1 IsmoositiIn acssrdiag =3 zne
LmTRRTian has suse-cced sgerazisn 2t 1333 I ami wiza axial zsac flo
iensitias =S avar L3 ow igverse 2I727T Sno2ne zapillary strusture If ihe
~nN8er tize wall. - . )

o
[w]
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dP78 42005 COMPATIBILITY TESTS OF VARIOUS HEAT PIPE WORKING FLUIDS AND STRUCTURAL
MATERIALS AT DIFFERENT TEMPERATURES

Muenzel, W.D., (Stuttgart Universicaert, Stuttgart, W. Germany), 3rd Int. Heat Pipe Conf.
Tech. Papers, Palo alto, CA, p. 96-101, May 22-24, 1978, AIAA, Inc., Yew York, XYY,
A78-353531
Avail:AIAA

No abstract available
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V. TESTING AND OPERATION

HP78 50016 TEST REPORT FOR HEPP/LDEF AXIALLY GROOVED HEAT PIPE

(8 & X Engng., Inc., Towson, MD), (NASA, Ames, Moffett Field, CA), NASA contract no.
NAS2-9613, BRK042-101l, 9 p., June 1978
Avail:TAC

- This report presents a summary of thermal perfcrmance test results that were obtained
with a stainless steel axially grooved liguid ctrap diode heat pipe. The heat pipe
configuration was designecd for possible agpplication in the HEPP/LDEF low temperature heat
pipe exreriment. Ethane was used as the working f£luid for nominal operation at 180 K.
Start-up and recovery tehavior was observed, s well as the datermination of forward mode
transport and reverse mode shutdown characteristics. Tests were also conducted at 150 X.

HP78 350017 SUMMARY REPORT FOR AN INVERTED ARTERY YEAT PIPE

(B & X Engng., Inc., Towson, MD), (NASA, Lewis, Cleveland, OH), P.Q. no. C-8628-D,
BK043-1001, 19 p., Aapril 1978
Avail:TaC

This report presents the theoretical analvsis and test results for an inverted artery
heat pipe that was designed by NASA Lewis Research Canter. The heat pipe contains e2izhe
inverted channels as the primary wick and uuilizes screw Shread grooves Sor cizcumfesrential
distribution of the liguid. A series of tests were run to determine the transport
capability of the heat pipe at various elevations. 3Resulss are also presented which show
the reduction in heat transport capability when non-condensable gas is present in the heat
pipe.

9P78 50013 TLEXI3ZLE CRYOGENIC HZAT PIPE DEVELOPMENT PROGRAM, Final Report

(Rockwell Int., Corp., Downey, CA, Space Div.), July, 1876
Avail:NTIS : :

A heat pipe was designed for operation in the 100 to 200 X temperature range with
maximum heat transport as a Jrimary Zdesign goal. Another designed for overation ia the 13
to 100 X temperature range with maximum flexibility as a design goal. Optinum geomernIy
and materials for the conzainer and wicking systams were determined. The aigh sower (100
to 200 X) heat pipe was testzd wish methane at 100 %o 140 X, and test data iadicated only
partial priming with a performance limit of less than 30 tercent of theoretical. A ser:ies
of tests were conducted with ammonia at approximately 230 X £o derermine the perZormance
under varving £fluid charge and test conditions., The lcw temperature heat pipe was tested
with oxvygen a% 85 to 95 X and with methanol at 295 to 315 X. PeriIormance of the low -
temperature feat Dire was below theoretical predictions. Results of the completad testing
are presented and possible perZormance limitation mechanisms are discussad. The lower-
than-expected rerformance was Zfalt to be due to small traces of non-condensable cases
which prevented the composite wick freom zsriming.

dP78 30019 EEAT PIPE MATERIALS COMPATIZILITY IXTEMNDED REPORT

Antoniuk, D., Luedke, E., (TRW, Redondo Beach, CA), (NASA, Lewis, Cleveland, OH), TRW
sales no. 31132.00, NASA Contract no. NAS 3-20872, Dec. 1977
aAvail:TAC

The second phase of an experimental program that lastad 32 montihs to evaluate
non-condensable gas generation in ammonia heat pises has been ccmpleted by TRW Defanse and
Space Systems Group. JForty-+wo heat zipes made of aluminum, stainlass sceel, or
combinations of zhese materials were operarted at diZiarent temperatures and lesngths of
time, and tested at temperatures rangiag from -30 C t2 10 C t2 guantitatively deternmine
gas generation rates. -n order of increasing stapility are aluminum/stainless steel
combination, ali~aluminum and all-stainless stee] sclwvent-cleaned heat Dipes. It is
concluded that solvent-cleaning Zor both all-aluminum and all-stainless steel heat piges
vields lower long-term gas gereration than chemical cleaning.

ip78
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30290 HEAT 2IPT MIRRORS TOR HIGH P

Q

WER LASERS

3arzhelmy, R., Jackson, D., Rabe, D., (Air Force Aers. ?ropul. lLab., Wright-Patterson AT3,
OH) , ASME Mtg. Pacer no. 73-4T-30, 3 »., 3 reis, May 2i-26, 1973

The <esign, =est, and analysis of cylindzical zapger-watar heat Tige nirrors Ior
applrcations iz high sower lasers were ccnducted. Testiang SI the 2eat 31fe nirzor
determined iss abilizy =0 raduce <hermal 2isTtsriions in Sompariscn Wil water cocled ind
uncocled mirrors. Three <vTes 9f anersy sources were isad It cesting:  a zarbon arc
solar simulasor, an 2lecs=ron =eam, and a laser seam. Wil zne ten <ilowats carbon ars
solar simulacor, 2eaz iaputs absorsed Dy the twe-ia 2iames2r leat pige mirrer oI 330 wascs,
SM< Were measured. ouring the in-vacuc, 213CIIdn zeanm 2xTeriments, surlace Iistortions
were Teasursd -nraUsA 20lograshis .atersarsmesst.  3imilar experiments ware sonduc=sd In 2
a13n fower carsca fioxide Lasar. The @St MIIIdr was siaced 1n an interdfsrsmecer and



. $0025

simultaneously irzadiated with a laser beam of 1000 watts/cm2 over a 7.5 cm? area. Changes
on the mirror surface indicate that heat pipe mirrors are the most practical for high
power laser applications.

¥278 50021 ?PRECISICON TEMPZIRATURE CCNTROL WITH GAS - 3UFFERED WATER HEAT PIPES

3assani, C., Loens, J., (Zuratom and Czonmitato Mazicnzle Per L'Snergia lNuclezre Cansro
Coxmune éi .‘c°-~"e,ils;:a: Ztaly), 3rd Int. Heat 2ipe Conf. Tech. Pagers, Palo Alto, Ca,
2. 162-186, May 22-25, 1378, AIAA, Inc., Yew York, NY, A73-3335%9

Avail:AZAA

rezor<ed on the improvement ¢ the tamderatuire control of gas-buifersd
heat pize thermostats. Previously observed sressure fluctuations ware elxmzn t2d by use
2 a lichter buffer gas. Aan automatic prassure control system was 3eveloped, which
ailows o maintain temperature stability to within 7 0.001 C/day at an ogerating

temperaturz2 of 130 C. A new thermestatic heat pirse was bDuilt £o raduce gas soluti and

ra2é ugion
insu.i*y effects the thermostatic zone was placed at the Zfar side of the heating zone wit!

gect to the cgas zufler, a pursing valve was incorporats=d Zor el;ﬂ11a--ng any accumulated
gas in the thermostatic zcne, and an auxiliary condenser was provided for rinsing
continuously the surface of the thermostatic chamber with fresh condensate. Tamperatur
differences alcng the axis of the heat 2ipe were measured with an improved probe :echn1~ue
with a sensisivity of 0.00005 C. The first measuremeats confirmed the existance of &wo
temperaturz plateaus of differsnt levels at both sides of the heating zone. The
temperaturs homegenaity 2f tae cthermostatic zone 50 ¢m long was in general oI tnhe order of
0.001. The best obtained temperature homogenelty was 0.0002 C.

HP78 30022 INTENSITY OF HEAT TRANSFER AT THE BOILING SECTION OF ZVAPORATIVE THERMOSIPHONS

3ezrodnvi, M.X., Alszkseenks, D.V., (Kiev Polytech. Inst., Ukrainian SSR), Teploenergetika,
p. 33-8%, N7, 16 refs, July 1977, In Russian

Results are presented of an experimental investigation of heat “ransier of boiling
liquids in closed :wo-phase coraless heat pipes (thermosiphons), depending on their
geometrical dimensions, the type of the working fluid, and pressure in t£he inner cavit
-he axperiments are carried out on water, ethanol, metianol, Irecn 11, and Ireon 113, As
a result of the investigation and generalization of experimental data, specific Zeatures
of heat transfer of poiling liquids in the thermosiphons, compared with the corresponding
data for large-volume conditicns, are revealad.

HP78 30023 HEAT PIPES FOR IMPROVING THE TEMPERATURE HOMOGENEITY IN FURNACIS

Srost, 0., Neuer, G., Brennst.-wWwaerme-Xraft, V 29:444-449, N1l, Nov. 1977, Ia German

Heat piges are outstandingly suizable to produce 2 homcqe leQus tamperatgurs -
distridution on surface and in hollow spaces. In particular, in the tem"e—a-u:a rance
between 300 and 1100 <, many advantages can be obtained and nax_mnn cemperature diZferences
2f less than one X, aven over large areas, can be maintained without difficulties. The
article reports on the functioning, the production, as well as the operatiornal tehavior of
the test samplas. Some possible applications and examples of installaticns Zor high
temperature furnaces are described

4P78 50024 ZEXPERIMENTAL TEMPERATURE DISTRIBUTION AND HEAT LCAD CHARACTIRISTICS OF
RCTATING HEAT PIPES

Daniels, T.C., Willliams, R.J., (Univ. College of Swansea, Swansea, Wales), Iat. J. Heat.
Mass Transfer, v 21:193-201, N2, 3 refs, Teb. 1978

The capillarv heat pipe, aowever, nas a number Of limitacions such as the wicking
1inait, nucleacse :Bilinq, atc., and some of zhese limitaticns <can be odvercceme i a :ot=ting
hJeat pipe. EIxperimenzal results show conclusively that the presence of a small guantity
sf a ncn-condensable gas (NCG) mixed with the working $1lui4 nas 2 consiZar ab‘= affacst on
the condensation process in a rotating heat pife. The zemperacure distribuel ia th
cendenser shows the blankazing eifect of the NCG and the razio of the molec: lar weight of
the working Zfluid %o =hat cf the NCG zas 2 very definita aifect on the shape oI chis
diseributicn. Some of whe offects are guite similar o the well-established data on
stationary teat piges.

278 30035 RELIABILITY OF LOW-COST LIQUID MYETAL HEAT PIPIS

Twell, 3.0., 3asiulis, a., Lamp, T.R., (Zughes airgrai: Cs., Torrance, ZA), 3rd Int. Zeatc
*ize Cons. Tech. Fapers, Palo Alzo, TA, p. 237-302, May 22-24, w373, A.AA, Inc., New 7ork,
NY, AT3-3355.7 i

Avail:ialiaa
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Low-cost stainless steel heat pipes containing sodium or potassium working £luids
have been proven to have long-term reliability. Heat dipes fadbricated frem 304 stainless
steel with wicks of the same material nhave exhibited over 10,000 hours of raliable
operation at 609 C (potassium) and 700 C (sodiua) in ambient environments. Temperature
stability was maintained to within 5 C over the test period. Extensive metallurgical
analyses of inner and auter surfaces oI the nheat pipes and of the wicks have shown only
minor amounts of zaterial transport and of leaching freom inner surfaces. External
oxidation was negligible ancd there were nc indications of electrolytic corrosion. The
depth of inner surface actack was oniy 0.001 to 0.J03 cm in thickness af<er 10,000 houcs
¢of operation. ~fFrom this information lifetimes in axcess of 30,000 hours can be reliably
predicted.

YpP78 30026 A PEACTIVE YEAT PIPE FOR COMBINED EEAT GENERATION AND TRANSPORT

Faeth, G.M., Groff, E.G., You, H.2., Alstadt, R., (Pennsylvania State Univ., Universi:ty
Park, PA), Ilcenhower, D., (US Naval Material Command, David W. Taylor Naval Ship Research
and Develooment Center, Annapolis, MD), 3rd Int. Heat Pipe Conf. Tech. Papers, Palo Alto,
CA, p. 316-326, May 22-24, 1978, AIAA, Inc., New York, NY, A78-35620
Avail:ATIAA

The operation of a reactive Leat pipe for generating thermal enersy Zrzom the reaction
between molten alkali metals and halogenated gases, and transporting the energy to a load
by heat pige action is described. The prasent study was limited to the lishium-
sulfurhexailuoride reactant combination. ISxperiments were conducted wnich demonstratad
che operation of a reactive heat pipe at 1200 X, sustained heat Zluxes in the rance 0 o
300 kw/me, good fuel utilization Zor the reacticn, and relueling zrocedures. Theoretical

resulss are also described to illustrate aspecss 9f system Cperatzion and limitat-ons due

t0 wick pumping capabilities; liguid displacement aczoss the wick: and thermal resistances
in the wick, the vapor transport system, and the condenser.

3P78 30027 EXPERIMENTS WITH GRAVITY ASSISTED HEIAT PIRPES WITH AND WITHOUT CIRCUMFERENTIAL
GROQVES . .

Feldman, X.7.Jr, Munje, S., (Udiv. of New Mexico, Albugquergue, NM), 3ré Inct. Heat Pipe
Coni. Tech. Papers, Palo alto, CA, p. 13-20, May 22-24, 1978, AIAA, Inc., New York, NY,
A78-35579
Avail:AIAaa

The results of a series of experiments on gerformance of cravity-assisted heat sipes
with and witaout circumferential grooves are zracorted. Heat transfar rates and
temperature jradients were measured, so that aeat cipe conductance and svarcrator and
conéenser heat transfer ccefficients were determined. Performance data is useful for
detsrmining the improved serformance of grooved heat pipes compared to wickless heat pipes
or thermosyphons and since the added ccst of manufaczuring the grooves is a significant
part of the cost of the heat pipe, especially Zor long pipes. For a 91.4 cm long by 1.27
¢m QD heat gsice with 40 groowves per cn, the maximum thermal conductance neasurad was 22.7
w/¢, and the heat transiar coefficients in the avaporator and condenser were 3300 and
11,900 w/mé C., =Zxperiments were also conducted on a 7.4 m x 3.18 cm OD iron-water heat
Pipe without grooves and on a U-shaped coprer water heat pire with grooves.

RIMENTAL INVESTIGATION OF HZAT TRANSFEZIR IN THE EVAPORATOR OF A WATER HEAT

.
lippov, ?.N., Inzhenerno-Fizicheskii Zhurnal, Vv 21:250-254, N3-5, 3 refs, Mav-Jjune,
7, Trans. in J. Engng. Physics, ¥V 21:907-310, ¥5-6, Jan. 1978

No abstract available

']
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P73 350029 Z=XPERIMENTAL AND ANALYTICAL 3TUDY OF HZAT 2IPE PERFORMANCE
Gorvachko, I.C., Zhizhin, G.V., Heat Transfer Sov. Res., V 9:54-37, N2, 1 r2f, March-april
1977

This paper prasen

< 2 along a heat pice and 5% the neat
Iluxes chrough iz, zars

2 ccium vacor. Thase :t2st 3ata ars

3 measurements CI temperatu
iad by supersonic Ilow oI =

iz, =2
sompared wish rsasults sasad cn the one-dimensional steady-state tleory 9f a nozsls
ilschargzing dzv vapor.
278 53030 =IVALUATION OF COMMERCIALLY AVAIZA3L AFT-TYPE HZIAT 2IPES
faufman, W.3., Tawer, Z.X., (NASA, Lewis, Clave Int. Heas Pipe Zond. Tach.
2agers, 2als al:zs, I, 3. 38-2%5, May 22-24, .37 New fork, WY, i73-135530
AVALIIAIAN

AS Tarzs of an 2<fap= =a Hdavalsn raliakla, =22 sracecraic thormal conzools
~eac ;:;és, lewis Jesaarzh Jenwar of JYASA 15 ITadlu zests 3n 10 commercialll”
avarlasle 2s2ac sSizes .o o) zrouss AF iiifaranc 123 3AT2X1aL SomoinaTions.  Matarials
272 aliminum and stainless sweel, 2nd WOTMLIRnG ' S7ARg. anc ammenli.  The
Izmmasisn 3% nonezsndanszasls zas o3 sosarved I 2ding 11,030 agurs. Tha nesacs .
ITanEzorT cagac:izias 3% zhe sifes aTe al lecarsT Sizeracl2 z3s 13 Inund La Twe



50035

groups of methanol pipes: one group shows no gas. One group of ammonia pipes has no
observable gas. Another groud has much gas. Manufactursrs' processing schedules are
examined for dilferences explaining tize presance of gas. Heat transport capacigy is
found to be severely reduced in some pipes containing gas.

EP73 350031 EXPERIMENTAL EVALUATION OF CRYOGEMNIC HEAT PIPES WITH VARIOUS HEAT CARRIERS AND
CAPILLARY STRUCTURES

Kreeb, H., (Dornier Svstam GMBH, Friedrichshafen, W. Cermany), Molt, W., (Stutsgar:
Universitaet, Stuttgart, W. Geérmany), 3rd Inc. Heat Pipe Conf. Tech. Papers, Paloc Alts, CA,
2. 203-210, May 22-24, 1978, AIAA, Inc., New York, NY, A78-35604
Avail:AIAA

No abstract available

HP78 30032 FABRICATION AND TZ=ST OF A VARIABLE CONDUCTANCE BEAT PIPE .
Lehtinen, A.M., (Rockwell Int. Corp., Downey, CA, Space Div,), NASA-CR-136712, NASS5-24171,
Final Report, 78 p., 1978, N78-19443/8SL
A variable conductance neat pige (VCHP) with feedback control was fabricated with a

reservoir-condenser wvolume ratio of 10 and an axially grooved action section. Tests of
=~he heat transport capabilicy were greater than or equal :to the analvtical predictions for
uue no-gas case. When gas was 2dded, the pipe performance cezraded by 18 percent at zero

ilt as was expected. The placement of the reservoir heater and the test fixture c¢ooling
fins are believed to have caused a superheated vapor coudition in the reserveoir.
Erroneously high reservoir tamperature indications resulted from +this condition. The
observed tamperature gradients in the reservoir lend support to this theory. The net
result was higher than predicted reservoir temperatures. Also, significant increases in
aipimun heat load resulted for controller set rpoint temperatures higher than 0 C. At 30 C
control within the tolerance band was maintained, but high raservoir heater cower was
reguired. Analyses showed that contral is not possidle Sar reascnably low reservoiz
Reater power. This is sugportaed by the observation of a significant reservoir heaz leak
through the condenser

HP78 50033 AUGMENTING THE CONDENSER HEAT TRANSFER PERFORMANCE OF ROTATING HEAT PIPES

Marte, ?.J., Wagenseil, L.L., (US Naval Postgraduate School, Monterey, CA), 3rd Int. Heat

Pipe Conf. Tech. Papers, Palo Alto, CA, p. 147-134, May 22-24, 1978, AIAA, Inc., New York, .

NY, A783-35397

Avail:AIAar o -
A rotating heat pire assembly was tested at rotaticnal speeds of 700, 1400, and 2830

rom using distilled water as the working fluid. Tests were made during £ilm condensation

on several copper condensers, including smooth-walled cvlinders, an internally Zinned

cvlinder, and a truncated cone. The truncated cone surface was also promoted for drop-

wise condensation using N-octadecyl mercaptan in octanoic acid. Heat transfar gerrformance

improved with increasing rotational speed. The internally Zinned cvlinder andé tie

truncated cone showed a 100 percent improvement over the egquivalent smcoth-walled cvlinder.

Jropwise condensation showed substantial improvement over f£ilm condensation, primarily at
low rotational speeds.

H278 30034 BREAKAWAY OF A LIQUID 3Y A GAS STREAM AT AN JINTERFACZ CONTAINING A GRID

Mateev, V.M., Filippov, Y.N¥., Dvuzhev, V.I., Okhapkin, E.V., J. Engne. Physics, V 33:1008-
201z, N3, 3 refs, Sept. 1977

It is shown that in a system consisting of agas stream, a licuid, and a grid,
reaxaway of a droo of liguid by the cas stream ocTurs wnen the bath under the ¢rid is
Sully £illed wiwh liguid and bSoth a pOsitive pressure gradient and an excess of liguid
ire present. In addition, this paper determines the characteristic dimensions at which
drop breakaway will begin for a given gas velocity.
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00335 INVESTIGATION OF HYDRODYNAMIC CIARACTIRISTICS OF HEAT PIRES

“elodisv, Z.A., Manckiaia, 7.7., Turbia, v.S., Izv. Vyssh. Uchebn. Zaved Mashinostr.,
2. 78-31, N13, 1977, Ia Russian
Resulcs of an investigation of hvdredvnamic characteris
laner downcoming ~cep and a3 separating inserz at tle concdenser inlet are srasented.
Studies of the zirculacli in zhe pige locp are conductad on zlass models. It i3 Iz
i la:;: in =he lcoo is observed under annular sondizicons of Ilow of

tics of heat pires wizh an
e

T5at A stable cizzu

TWC=Phase stream 57 the heat carrier. 3y usiag the seraraticn inserz, the heac and nass
cransfer 13 incansiiiad znanks =2 an iacrease 11 the race o7 the flow and zhe muloinslisiew
Jacior ¢f =ne cirsulaz:ion.
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HP78 S0036 STUDY OF THE GAS DYNAMICS OF TURBULEZNT STEZAM FLOW THROUGH HEAT PIPES

Mikhailov, V.S., Krapivin, A.M., Bystrov, P.I., Pokandiuk, G.I., (Dneproretrovskii
Institut Inzhenerov Zheleznodorozhnogo Transgorta, Dneprogetzovsk, CUkrainian S3R),
Inzhenerno-Fizicheskili Zhurnal, V 34:137-201, Teb. 1373, In 2ussian

The experimenzs described were carried out with a 2§.5-mm-diam tube consisting of a
non-permeable (adiakbatic) section ané two pericratad sections, witdi blowing applied to the
evaporation section and suction applied t9 the condensation section. The sbjective was to
determine the combined influence of :tnha three sections and to derive more accuyrate:
equations for the aydraulic design of heat pipe wvapor channels. Data obtained for various
section lengths over a wide range of Reynolds numpers showed that the gas dynamics of the
flow in the evaporation ancé condensacicn sections depends on the radial Revnolds number,
the relative section length, and the channel porosity. The data are diagrammed and
analyzed.

BP78 50037 ELECTRON DRIFT VELOCITIES IN MERCURY, SODIUM, AND THALLIUM VAPORS

Nakamura, Y., Lucas, J., {(Dept. of Zleczrical Engng. and Electronics, Univ. of Liverpoel,
Liverpool, =ngland), J. Phys. D., G, V 2:325-335, 43, 1378

A heat pipe dr-ift tube nas been develoved for the £irst time and has been used Lo
measure electron dzift velogities in mercury, sodium, and thallium vrapor. The 3rift
velocity in mercury has been_measured as a ZIunction of vagor pressure $or 7 o 10-13 + g/
+ 1.4 - 10716 (units of V cm) and shows good agreement with McCutchen (1938). The grif
velocities in sodium and ¢ :llium have been measureg_Zor the first time Zor 3 ° 19=17
+ Z/N + 5 .« 10°18 and 1.7 - 10717 + 2/9 L 3.9 - 107-°, raspectivelv. The sodium
velocities show a pressurz iependency atfributed to the presesnce of dimers.

HEP78 50038 PERFOTMANCE EVALUATION OF GRAVITY-ASSISTED COPPER WATER HEZAT PIPES WITH LIQUID
OVERFILL A

Xguyen, C.Z., Abhat, A., (Stuttgart Universitaet, Stuttgart, W. Germany), 3rd Int. Heat
Pipe Conf. Tech. Papers, Palo Alto, CA, p. 49-38, May 22-24, 1978, Alaa, Inc., New York,
NY, A78-33384
Avail :AIAA

No abstract avai .able

HP78 50039% TRANSIEINT FLOW PHENOMENA OBSERVED IN HEAT PIPES

Oshima, K., (Univ. cf Tokyo., Tokye, Japan), l4th Int. Congress of Theoretical and Appl.
Mech., Delfx, Netherlunds, 12 p., Aug. 30-Sept. 4, 1976, A7€-14052

The flow field in heat pipes is discussed in terms of fluid dvnamics, and expe
results are presented. Ixperiments were jerfsrmed in wickless vercical heat sipes
which fixed amounes of air were intzroduced ‘as a non-condensable gas. Water or a wa
alcohol mixture was used as the working £luid, and temperature discributions along
condenser section and the prassure ware measured., The effects of zhe Ilntrcduction a
non-condensable gas are explained, ané output signal dava Irom aotwires placed in the heat
pipes are presencad.
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BP78 50040 EXPTRIMENTAL INVESTIGATION OF LAMINAR FLOW OF A LIQUID WITH A FREZ SURFACZ IN
. TRIANGULAR-SHAPED CHANNELS

Panevin, I.G.., Smolin, M.G., Tluid Dynamics, V 12:142-144, ¥1, Jan.-Feb. 1977

At present, heat pires are used in a numder oI neat 2ngineering svstems Sor removal
and transfer of high heat fluxes. The magnitude of tle neatr Ilux transierrad along the
heat pipe in many respects is determined Dy the liguid Ilow rate in capillaries. In e
present work, resulzs ara given of an exgerimental study of laminar liguid Ilow witn a Iree
surface in trianguiar-shaped chanrels with tangential Izictional strass ac the fras
surface. ZIxgerimancs wers carried out when the liguid Ilow ia inclizned triangular-shaged

3

channels had Zeynolds numbers of cthe agproach 2ir strsam was R * [1.5-3.6) x 0. The
data are presented in ralatiwve cocrZinates 2s 1 Zecencdence oI the 2ydraulic resistance
coefficient o zhe lizuid an zhe tangen=cial fziciicnal scress a2t tie Iree surface. It is
shown %hat with an increasa of che zangential Zrictional stress, tle hydraulic resistance
coeflficient consideraply increasas.

HP78 350041 DETERIORATION IN HEAT 2I2E PIRFORMANCT WITH IXCESS WETTING FLUID

AL AL 3

Srivasta, .M., 7arma, 2.X.., Sharma, 2.C., (Mech. and Ind. Ingng. lept., Univ. of Roorkee,
Poorkee, India), Let=ers in deat and Mass Transfer, 7 2:387-332, NI, 197%

Avail:Tac
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50045

An experimental investigation has been carried out to studv the effect of the wetting
fluid on the performance of an adiabatic heat pipe having water-cotton-wick matrix in a
copper container. It has been found that when the wetting Iluid charge increases beyond a
certain limit, rapid decrease in the heat transfer rate occurs. For the heat pipe
investigated, the limiting water contant was aktout 2% times the minimum reguired for the
heat pipe serZormance. It is independent of che inclination of the heat pipe and the
temperature difference between the evaporator ané the condenser.

HP78 50042 HEAT PIPE PERFORMANCZ CHARACTERISTICS WITH FLOATING SCURCE TEMPERATURE

Srivastava, R.M., Shamma, B.N., (Birla Inst. of Tech., Mesra, India), 5. Inst. Engng.,
India, Mech. EZngng. Div., V 53:226-228, MES, 3 refs, March 1978

This paper presents the operating characteristics of a heat pipe with a long adiabatic
part. Cotton wWick has Deen used as a matzix with water as the working £luid. The
temperature of the heat source was varied while the temperature of the sink was held
constant. It is concluded that (l)the rate of increase of heat transfer bv a heat pipe,
at higher mass flow rate of cooling water, is faster than the rate of increase of the
temgerature gradient; (2)the heat pipe would not cesase to perform, at any inclination,
provided there is a reasonable temperature gradient within the heat pipe.

HP78 30043 STUDY OF LIQUID METAL HEAT PIPES CHARACTERISTICS AT START-UP AND CPERATION
UNDER GRAVITATION

Tolubinskii, V.I., Shevchuk, E.N., St mbrovskii, V.D., (Akademiia Nauk Ukrainskoi SSR,
Institut Tekhnicheskoi Teplofiziki, ¥ ev, Ukrainian S3R), 3rd Int. Heat Pipe Conf. Tech.
Papers, Palo Alto, Ca, p. 274-282, Me 22-24, 1973, AIAA, Inc., New York, NY, A78-35614
Avail:AIAA

Temperatura changes in ligquid me .al heat pumps (LMHP) are evaluated under conditiens
of both start-up and continuous operaction. Aan anralysis of dynamic characteristics is
presented in three stages: (llheat supply to start-up temperature, (2)establishment of
scnic Zlow at the evaporator exit to the point at which the vapor Zlow along the entire
LMHP length can be considsered as a continuum, and (3)+the point at which start-ud
temperature along the whole length becomes a stationary operating tamperature. Attention
is given to the eZffects of superheating and temperature pulsations throughout the system.

HP78 30044 INVESTIGATION OF G2 i~CONTROLLED CRYOGENIC HEAT PIPES

Vasil'yev, L.L., Xonev, S.V., .uikov Heat and Mass Trans. Inst., US3R), Heat Transfer Sov.
Res., V 9:38-60, N2, 1 ref, Maz a=-April 1977 -
The performance of gas~cor rolled cryogenic heat piges was analyzed. Advantages of
the use of a non~condensing gas in a cryogenic heat <ube equipred with an additional
reservoir are shown. Experimen.al results for a liguid nitrocen heat pipe employing

varying amounts of the working Zluid are obtained.

4P78 30045 INVESTIGATION OF A CRYOGZNIC THERMAL DIOCE

Williams, R.J., (NASA, Ames, Moffett Field, CA)}, 3rd Int. Heat Pipe Conf. Tech. Papers,
Palo alto, CA, p. 177-133, May 22-24, 1978, AIAA, Inc., Yew York, NY, A78-35601
Avail:AaIaa

This paper describes a series of parametric investications to determine the effact of
various fluid charges on the performance of a 0.635-cm-diam spirale-artary, licuid-trap
éiode in both zhe forward and reverse modes. Spgecific ctaramecers such as forward ang
reversae-mode conductances, shutdown times and energies, and reccvery o forward-mode
operation are evaluated for ethane as a working fluid in the tamperature range 170 X to
220 X. Results indicate that +he heat pipe will not reliaply start up in the forward mcde.
However, startup can be initiated when prececded by a diods reversal. Alsc concluded ars
data which show %he susceptibilisy of tae diode %o £luid charze and =ilt. The optimum
fluid charge was <ound o be 2.6§7 ¢, and transpor:t capability at this charge was in excess
of 1200 w-cm at 200 X. The diocde in the reverse mode exhibited a rapid shutdown (witiain
aine min) with a sautdewn energy of 1150 J (0.32 wh).
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GREENHJIUSE,
CTRIC-FOWER-COLNVERTZER, COMPA/
EDs wWICK,y FRESSUFE# .
EENCF-NCDEL,s THEFRMAL-CONTROL,
ING=SYSTENSy, WAT/ FEAT-STORES
M=FEAT-F IFE=-CCLLECTCRSy ANNL/
T=PIPZSy SCLAR-TAF=-WATER=-HEA/
ICNe WMAINTENANCE,y, E/ COCLING,
SCLAR/ CrEVMICAL-ENGINZEPING,
CLAQ-EMNSFGYy SCLCHEM=CONCEFT,
CEysy E/ CCCLINGs SCLAR-ENERGY
RGYy FILOT-STLLY, FEAT-PIPES,
SCLAR-CCLLECTCFSwH RES EARCF

AL-ENCINEZRINGs SCTLAR-EINERGY,.

FCRMANCE & SFACE» EARTH,
FEAT-PIPE, RADIATOR=SYSTEMY,
FEAT=FIPE-MUCLEAR-REACTORS,

MAL-CCMTRCL, THEFRMAL-CONTROL,

LITARYs THEENMAL-CICDESs VARI/

CVED-FEAT-FIPE, AMMONIA, ALU/

IGNs S/ VASIZ2ELE-CUNCUCTANCE,

ACIL ITYy, FEPFs THERMAL~-DIODE,

THEFEMAL-CANISTER, EXPER IMENT,

CACMIC-ESTIMATESs JRBITING=-S/

CRCwWAVEsy ELECTRIC-FCWER, ECO/

NSs ZERC~-CG-FERFCRMANCE#

THERMICNIC-ENERGY-CINVERSICN,

LCW-TENFPERATURES-AFFL ICATICNS,

UMINUMy LIFE-TES/ ZVALUATICN,

FE-TZSTS,s MATERI/ ZVALUATICN,

=F/ SAFSTY, NUCLEAR-SLECTRIC,

ASEF-CELL sy METAL-VAFOR-LASER,
CIZ2OVED-ZVAFCRATCR=-SIRFACES,

STHANE, TFHERNMAL-FIQRSCOMANCE,

SCREEN=% (K, NON-CCNDENSASLT-G
SCREwW=-THREAD-3ROCVESY / T=ECRE
SEN[-CONCLETO2-DEVICESs MATERI
SEMI~PZRNIABLI~MEMERANZ, “ATER
SFEAR-INTZ2ACTION, THZRMAL-DIC
ShOCK-WAVESs VAPCR~FLGCHs SUPER
SFUTOCWN# /STIGATICNS, LISUID-
SILICCN-FCWER-~SW ITCHING-TR/NSI
SIZEy HICH=-POWER-SEMI-CONZUCTN
SCDIUM-VAFJR-HEAT-P IPZ, LASER-
SCOIUM-VAFOR, THEDRY# /YTICAL-
SCO{UM, FCTASSIUN, LZACHING, M
SCCIUMs FCTASSIUMNM, LZACHINGs M
SCOILMy TRALLIUM=VAFPCOR#E /3Sy H
SCLAR=-CCLLECTOR-CESIGN# /, TAR
SCLAR=-CCLLESCTOR, HEATING, THER
SCLAR-CCLLZECTOR# ’
SCLAR~CCLLZCTORSy HEAT-PIP=-CO
SCLAR-CCLLECTORS # RESEASCH,
SCLAR-D ISTILLATICNS
SCLAR-ZLECTRICs, THERMAL-TD-SLE
SCLAR-ENERGY-CIOLLECTCRs INFRAR
SCLAR-ZNERGY-COLLECTICNR /EM,
SCLAR-SNESGY-JUTILIZATIONs HEAT
SCLAR=-ZMNERGY, CCNFERENCE, STEA
SCLARI=SNEAGYy PILOT-STUDYs HEA
SCLAR-ENEFRGYy SOLAR-REFR IGERAT
SCLAR-SNERGYs SOLCHEM—-CCNCEPT,
SCLAR-FLFNACES, STEAM4, EUTECT!
SCLAR-RSFFRIGERAT IONes MAINTENAM
SCLAR-TAF-WATER—-F+FEATING# /-ENE
SCLAR-TFERMAL, OCWER-SYSTEVS,
SCLCHEM-CCNCEPTs» SCLAR-FUSBMNACE
SPACE-AFFLICATIONS, ZERO-G-PER
SFACE=AFFLICATIONSy OPERAT ING-
SPACE—-AFFLICATIONS, HIGH-TEMFE
SFACE-ZNVIRCNMENTSs ANALYTICAL
SFACE-PRCJECTSs INDUSTRIAL, MI
SFACE~-QUALIFICATION, AXIAL-GRC
SFACE-RACIATOR, SATELLITE, DES
SFACE-SFLTTLEs AXIALLY~-GSOCOVED
SFACE-SHLTTLEy, HEAT-PIPE-THERM
SFACE~-SCLAR-POWER~STATIONS, EC
SFACE~SCLAR-POWER~STATICNS, MI
SFACEs E£ASTHs SPACZ-APPL ICATIO
SFACE, CLTSUT~-POWSP-DENSITYs W
SFACZCRAFT-THERMAL-CONTRCL, FL
SFACECIAFT-TYPE-+EAT-P IPESs AL
SFACECRAFT-TYPE-rSAT-PIPES, LI
SFACSECRAFT, FAST-RZACTORs HEAT
SFECTROGRAPHIC~MEASUREMENTS® /
SCUARE~-GFIOVE-GECLAETRIESH /SR,
STAIM_ZSS-3TEELs AXIALLY-G=CCV
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L=-FROGFAM, ANMCNIA, ALUMINUM,
L=FRCGCFRAN, ANNCNIA, ALUNINUM,
ERIAL =CCMEINATICNS, SLUNMINUM,
-PIPES, ALLNINUM, LIFE-TESTS,
CSTs LIGUIC-NETAL-FZAT~PIFES,
STy LIGCUID-NSTAL, FEAT-FPIPES,

ANMCMAIA, FUMEING=CAFASILITY,
LESy THERMAL-~CCNTROL=-SYSTEMS,
FEAT-FEIPS, ANMNCNIA, ALUMINUM,
Sy LICLIC-TRAE=-DICDE, ETHANE,
ICN/ LICUIC-FETAL-REAT-DIPES,
NU/ SCLAR=-ENEQGY, CCNFERENCE,

FEAT~-CICCESs THERVOOYNAMICS,
CFEM=-CCNCEFT, SCLAR=-FURINACES,
€y SCUATICNS, THERNCOYNAMICS,

ENERGY-STORAGE, CONF «~FFCCay
L-FEAT-PIFE, CFEMICAL-PEACTI/
BILITY-TZSTS, WCFRKING=-FLUIDS,
THERNAL-CAFACITCR s HCNEYCCMS,
Z, OPTIMIZE/ THEENAL-CONTRCLS
SOLAF-CCLLECTCF#

CRGAN [C-FLLICS, WATER, INCL/
C-NETAL-+EAT-FIFES, START=UP,
~TEMFEFATUREs TWC-FEHASE-FLOW/
CNS/ SFOCK=WAVES,; VAPCR~FLOW,

TFER VAL -FRCEBLE/ FRCCZZDINGS,

THERMITN/ CCRRCSICN, NIOBIUM,
» IRFECULARLY-SHAFED-CHANNEL,
MPZRATLRE~-APBL ICATICNSs SPAC/
PASSIVEs FUMFEC-+SAT -PIPE,
TORS s +EATY-CICDESs THERMCDYN/
TCRSy FEAT-CICCES, EQUATIONS/
CFERATICA-UNCER-GRAVITATICN,

PEDy, WATER-FEAT-FIPES, HEAT-/

PECs» WATER~FEAT-FIPZSe HEAT=-/
Ew-TSECFNCLCGYs TFHERVAL~-OICDE,
AMEER-CONTRCLLASLE~-HEAT P IPE,
“LCAC-CHARMCTERISTICS, EXPER/
FLOATING=SCURCE~TEMFERATURE,
GFCOVESy, PEAT-TFANSFER-PATES,
CSSe AFPLICATICNSS
GESy CYMNAMIC-CHARACTERISTICS
IODES,s SQUATICNS/ TECHNOLOGY
ICCESe THEFRNMCCYN/ TECHNCLOGY
=EIPE=-COMEINATION, FEAT=-FLCW,
ID-MZTALy FERFCFAMNANCE-L IMITS,
MIC-TLEING/ PFIGH~TEMCERATURE S
VIC-TLEING/ FIGCHR=TEMPERATURE,
ID-CCN/ VARIABLE-CCNCUCTANCE,
T-ZIFEs THECRETICAL-AMALYSIS,
AET ICATICN, RESEARCH=FTCCRTS,
—CRIFT=TuBE, NESCURIY, STDI1UMs

STAINLZSSE-STEZL ¢+ GAS—GENERATIC
STAINLZSS-STZIZL s GAS-GENERATI)
STAINLS SS-STZEL s+ METHANULs, AWM
STAINLZSES-STEZLs NON-CONCENSAE
STAINL.ESS-STEELs SCOIUM, PCTAS
STAINLZSS-STEZL, SCCiUM, 2PCTAS
STAINLESS-STZELs THERMAL-TRANS
STENDARC-ELECTRONICS-MOOULE, 8
STAFT-UF-EZHAVIOR# /L-GRCCVIC-
START-UFs SHUTDOWN# /STIGATION
START-UFs SUPERHEAT INGs CPE®AT
STEAM-HEAT-RPIPE~COLLECTORS» AN
STEAMy ECLATIONS A /REGULATORS,
STEAMs ELTECTIC-SALTH® /GY» SCL
STEAMY /REGULATORSs HEAT-DIOCE
STORAGE~TECHNILCOGIESs UTILITIZE
STCRAGE s« TRANSMI SSICN, CPHEMICA
STRUCTURAL-MATERIALS® CCMP2ATI
STEUCTURAL, DESICGNy THERVNAL-CO
SUSSYSTZENs ANALYTICAL-TECHNICU
SUN~-BUCKET-MARK=IVs TRACKING)
SUN=ENZRGY-CONVERSIONs CCPPEZER,
SUPERHEATINGs OPERATION=-UNDES-
SUFERSONIC-FLIOW-CF-VAPJR,y HICGH
SUPERSONIC-VAPOR~-FLCWS,s EQUATI
SYNPOSIUM, ELEZCTRCNIC~-SYSTEMS,
SYSTEM=COMMISSICNINGS
TANTALUNMN, ZIRCONIUM, LITHIUM,
TAR-MEL TINS~-EQUIFMENT, ECUATIJ
TECHNICAL-APPLICATICONS, LCw=T7TZ
TECPRNICAL-FROGRESSy 3UDGET#
TECENOLCGY s TEMPERATURE-REGULA
TECHNCLU CGYy TEIMPERATURE-REGULA
TEMPERATURE-CHANGESy DYNAMIC-C
TEMFERATURE-CONT ROL sy GAS-BUFFE
TEMPERATUAZE-CONTROL ¢+ GAS-BUFFZ
TEMFERATURE~-CIONTRIL s CRYCOGENIC
TEMPERA TURE-CONTROL# MULTI-CH
TEMPSIRATURE-DISTRIZUTICN,y HEAT
TEVMRERATURZ-GRADIENT# / WATZR,
TEMFERATUSZI~GRADIENTS, HEAT-TR
TEMFERATUSZ-FOMOGENEITY» FURNS
TEMFERATURZ-PULSATICNS# /~-CHAN
TEMPERA TURE-RIGULATCRS, HEAT-D
TEMFERA TLUSE~RZGULATCRS, FEAT=-O
TEMPERATUSEy THERMAL-CHARACTER
TERIRESTIATML-APPL ICATIONS s CPRYD
TERREST RIIL~APPLICATICNS, CIRA
TEARESTRIAM-APPLICATIONS,, CEFA
TERRESTRIM_-APOL ICATIONS,, LIGU
TEST-RESLLTSy SCRIW=-THREAD=-GALT
TESTING~ANZ=-CPERATIONy HEAT-2]
THALLIJN=-VvAPORE® /ESe HEAT-2[CE
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L/ INVERTED-ARTERY-~+EAT -2 [PE,

ERD-HEAT =P ' FE,
R-FEATINGe FINITE-DIFFZIRENCE,
s LITRIULNM-SULFURFEXAFLUCRIDE,
PEL~/ FEAT-TFRANSFER, SN ILING,
ESEAFRCPr—-REFCFTSs TESTING-AND/
?» VAPCR-CHAMEENSs CAFILLARY-/
FE-PZRFCRVMANCE, SCODIUM-VAPOR,
SPACE-SHUTTLE, HEAT-FIPZI-THE/
STRLC/ FHASE-CHFAMGE-MATERIAL,
N-FOWER=SWITCHING-TRANSISTOR,
TICNe FEAT-FLCWws» TEMFERATURE,
CNEYCCMB, STRULCTUFRALy DESIGN,
IERQLE=9]ICKkSy LCW-TENMPERATUR/
C/ ARTERY-GRCCVELC-HEAT-PIFES,
C-CONCLCTANCE s RACIATCRs VAR/
ARD=ZLEC/ ELSCTRCMNIC-MODULES,
S-SATELLITESy CICCESe SSA-HEZ/
ICN=SFACECKAFT, LIFZ=TZSTING,
RAMSFCRT=SYSTEVs BENCH-MODEL,
ME/ ANVICNICS-=-THERFMAL-CONTROL,
ALYTICAL-TECFNIGLE, CPTIMIZE/
CNOUCTANCE, FEECEACK=CIONTRCL,
CANISTERs FOWER-CISSIPATICNS,
CHARACTER s SEZAR-INTZRACT ICN»
NGy SOLAR~-CCLLECTCRs, HZATING,
AVMMCNIA-LIQUIC-TRARP, AMMONIA,
TICN-EXFOSLRE-FACILITYs HEPP,
TRCLs CRYCGE/ NEW-TECHNCLOGY,
CJECTS, INCLSTRIALs MILITARYS
FREA-2STER~FEAT-FIPE-MIPRARS,
TURBINE~GENERATCFs SCUATIONS,
PEAT=-FIPE-/ FICH-TEMFERATURE,

GNy MAFOTS-TYFES-TFA~RADIATCR,

GRCOVEL-CAFILLARY-STRUCTURES,
LY-GRCOCVED~FEAT-FIPEs ETHANE),
QRANSFEFy TRANSFCRMEP-CDNOL ING,
ECTRCNIC-CLNMFONENT-FACKAGINGS
YMEQSIUM,y ELECTRCNIC-SYSTEMS,
C—CEV ICESs EXPERINMENTAL-INVE/
LC-PLATES, ECUIFNMENT-COOL ING,
ERTER,y CTNFA/s SCLAR-ELECTRIC,
~CAPABILITY, STAINLESS-STEEL,
AXIZL-FVETALLURGICAL=JUUNCTICN,
TARNTALLM, 2I8CCNIUM, LITHIUM,
SFACEs CULUT/ FICH-TEMFERATUFE,
PCWER=-CENSITIES, PROPULSICN,
~TEMFEZFATURE, THERMCSLECTRIC,
FEAT-F PR S, RESZAFCH-REFORTS,
ATICN, FEA/ SESZAFCH=-RIPCRTS,
TUFES-CECULATIRSs FEAT-DICDES,
TCF3Ss FEAT=-CICCESs FGCUATICNS,
FENTAL=(INVE/ THSEMAL-SIFHONS,

THEOQORET ICAL-ANAL YSIS, TEST-QES
TREQJRET ICAL-CINS IDERATIONS #
TFECRET ICAL-RESULTSs MEASUFRSD-
THEQRET ICAH_ ~RESULTS# /ED-GASES
THEORET IC ALy PURCUS-ANO~CEVZLO
THECRYs CESIGNe FASRICATICON, R
THEORY, FEAT-TRANSFERs BCILING
THECRY ¥ /YTICAL-STUDYs HEAT-PI
THERMAL =CANISTERs ESXPERIMINT,
THERNAL -CAPACITORs FUONEYCTMB,
TRERMAL~CFARACTERISTICSs INTEG
TFERMAL ~CIARACTERISTICS ¥ /8INA
THFERMAL ~CCNDITIGMING# /7 1TORs H
TFESRMAL ~CONCUCTIVITY, METALLCF
THERMAL ~CINDUCTIVITY,y GRCAVEC-
TFrERMAL-CINTRAOL=CANISTER, FIXE
THRERNAL ~COCNTROL—-SYSTEMS, STAND
THESMAL -CCNTROLs COMMUNICATICN
THEIMAL-CCONTROL s ESXPERIMENTAL-
THERMAL ~CONTRGOL s SCLAR-ENERGY-
THERMAL ~COUNTRCLs SPACE-ENVIRON
THERMAL -CCNTROLs SUBSYSTEM, AN
THERMAL -CCNTROLy VIERATICN-TES
THERMAL-CONTRCL ¥ /IPE~-THERMAL~-
THERMAL -CICDE-DESIGN#Y /RCSITY-
THERVAL -CICOE, GFAVITY-ASSISTE
THERMAL -CIQODEs MATHEMATICAL-MO
THERVAL-CICDOEs SFACE-SHUTTLE,
TrRERMAL-CIODEs TEMPERATURE-CCN
THERMAL-CI0ODESs VAR IABLE-CCNDU
THERMAL~C ISTORTICNS & /SEFSe CO
THERMAL~EFFICIENCY, WATZRY /.
THERMAL ~ENERGY~STIRAGESs E30Ky
TEESRYAL -EMNVIRONMENT 3 CRPERATING
THERNAL -NCDEL» EXPERIMENTAL ~-DA
THERVMAL -FERFCRMANCE, STAINLESS
TFERMAL ~FERFCRMANCE » FORCED-FL
THRERMAL~FRIBLZMSy PERFURMANCE—-
THRERMAL-FRCBLEIMS # /CEEDINGS, S
TRERIMAL ~S IFPHONSs THERMCELECTRI
THEERMAL -TESTS¥ /TICAL-wOFK, CC
THERMAL-TC-ELECTRIC-FPUWNER=-CONYV
THZRMAL-TRANSPORT#2 /As PUMPING
THERMIGMIC~-CONVERTERSy FURNACE
THEERMICN IC-ENERGY-CONVERTEFS #
THERMICNIC-ENSRGY-CCNVERSICN,
THERMICNIC-ENIRGY-CCNVERSITN,
THERMICMNIC, LIFETIMESs MCLYZBCE
THFERMOD YMEMICSe LCESIGNs FAERIC
THERYOOD YMNAMICSe CESIGNs FASRIC
THZRMOOYNAMICSe STEAMy ZCUATIC
THERYSOYMNIMICSe STEAMe /SEGULA
TFERMCELZCTRIC-OEVICISYy EXPERI
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£l TZATICNS,s FIGH~TEMPERATURE,
TIZW,s ECILING-LICLIDS, WATER,
~CCHFARISCNS, FEAT-2EJSCT ION,
ACTZERISTICSy HEAT-EXCHANGERS,
ANASEMENT-ANC~CCNTRCL-SYSTZM,
ELN-ELCKET-MARK=IV,
0STs ALASKA-LINE®

€s7a ALASKA =L INE,
ERFOEMAN/ IWC-FHASE-TRANSFER,
C~C INAMICS, WATER, EXPERIMEN/
FE, CPEMICAL-REACTI/ STCRAGE,
HCWCCENEQLS=wICKy FEAT=TRAN/
TRCHMIC-EQUIFRNENT, EXPERIMENT,
ESISTANCE,s FRICTICNAL-STRESS,
IGF—TEMPERATLRE-AFOL ICATIONS,
ELZZTRCNIC=-QAMAN=-SCATTERING,
SEARCFH—=CENTER, WORKING=-FLUID,
T/ ZLECTRIC-FCAEFR-GENERATICN,
NTSs FYDRALLIC/ CAS-CYNAMICS,
w-CF-VAEQR, FIGH-TEMFERATURE,
S~CCCLINGs TFEFYAL-PSCFCRMAN/
FIMANCIRL =EARRIER S, HYDPOGEN,
FEGy ECLATICNS, CHANNELS~0OF-/
~FFCZes STCRAGE-TECHNCLLCGIES,
-JCINTe CRYCGENIC-HEAT-PIPES,
DFEFATICA=-AGAINST=-GRAVITY,
ECFYs FSAT-TRANSFERe BOILING,
ICNSs EQUATICNS, EXPERIMENTS,
LCwSs SQUATICNS/ SHOCK-=WAVES,
INJECTCR,y F/ LCw—-TEMFERATURE,
E-SADI1ATOR, CCMMUMICATICN-SP/
EFATUFRE-CCNTECLy FEMFORMANCE,
DIATOFRs SATELLITE., DESIGN, S/
RIMENT, TRANSVERSE-+EAT~P[PE,
C2Sy ESA-FEAT-FIFE-FROGRAMME,
IGN=ANC-SVALUATICN, RCTATING,
FIXEC—CONCUCTANCE,, RADIATOR,
AXIALLY-GFCOVECs GAS-LCADED,
IAL-AFFL ICATICNS,y LIQUID-CCN/
ALs MILITARY, THEFMAL-DICDES,
~CCNFEFENCE s AXIALLY-GRCOVED,
s ANALYTICAL=-FRELICTIONS, HE/
ERSes ZNERGY-CLNSERVING-HOMES,
AXIAL-FCaSER-L [MITS,
ACK=CCATRCL, THERMAL~CCNTRCL,
LAR="ACIATCR~SYSTENM, COCL ING,
TICNs FLUID~wAS/ FRICEZDINGS
NCLSTRY, ECILER-AFPLICATICNS,
SFACEs QUTRLT-FCWER-CENSITY,
wATZR,s SXFPERINENTAL-RETSULTS,
» FXPERIMENTAL-INVIESTIGATICN,

CRhe CAS-GENEEBATICM4«
INVESTIGATICN, FEAT-TRAANSFSR,

THFERMOSLECTRIC, THERMICONIC, LI
THERNCS IFFCNS,y ETHANCL, METHAN
THESNOSYFIECN-FLOWE /PIPE, COST
THRERNMISYFFAONSs AMALYTICAL-MDCT
THRUSTZR-CINTROL-SYSTZMe /IR =M
TREACKINGs SOLAR-CCLLECTORS

TRANS=ALASKA-PIPELINE, PEIMAFR
TRANS-ALASKA-PIPEL INE, PEEMAFR
TRANSFORMER-CIUL INGy THEFMAL -P
TRANSITNT=-FLOW~-PFSNGMENA, FLUIL
TRANSMISSIONes CHEMICAL-MEAT-PI

TRANSPOSTy MATHEMAT ICAL~NIDEL,

TRANSVIRSSE-HEAT-FIPEy VARIABLE
TRIANGULAR=SHARPEL-CHANNELS# /R
TUBULAR-FURNACES#® /CCESSINGy H
TUNABLE~LASER-SYSTEM, PULSED-C
TUNGSTEN=-WIRE~IIE INFORCED~TANTA
TURBINZ=CSNERATOR, ESECUATIONS,
TUREULEMT=STZAM=FLCuWy EXPER IME
TAO=PHAST-FLCA=-MCDEL ¥ /NIC-FL?
TWO~FPHASE-TRANSFERy TRANSFORNME
UNDERGRCUNMNCY LHENMICAL-rHEAT~-O P
UNSTZAD Y=-CONVECT IVE-HEAT=-TRANS
LTILITIES, FINANCIAL-BARRIZTRS,
YACUUM=SNVIRONMEINT # /EO~SWIVSL
VAPCR-BLEZLE-GENERATCR»
VAEQR=-CFANBERSy CAFILLARY-PORO
VAPCR=FLCA=IN-A-FLAT-PLATS-HZA
VAPQR-FLCYy SUPERSCNIC-VAPCOR=F
VAPOR-INJECTIONy LLCW-FRESSURE-
VAP TABLE-CCNOUCTANCE, HEAT-O1P
VAR TAEL E-~CONDUCTANCS, FEEDBACK
VARIABLE~CINDUCT ANCZE s SPACE~RA
VARITABLE-~CONDUCTANCE® /T .+ EXES
VARTABLE-CONDUCTANCE, CRYOGENI
VAR ITABLE~-CONDUCT ANCE sy HIGH-~2&2
VARIABLE-~CONDUCTANCE, GAS-REsS=
VARIABLE~CONDUCTANCE,s MATHEMAT
VARIABLE~CCONDULCTANCE, TERRESTR
VARIABLE-CONCUCTANCE, EMZIFGING
VARI ASLE-~CONDUCT ANCE, GRAVITY=-
VARIABLE-CONDUCTANCE-HEAT-PIFEE
VENT ILATICN-RATE s HEAT-RECOVER
VERTICAL-FCSITICNs GRAVITY &
VIBERATICMN-TESTING# /NCZ. FSEPRS
VIESATICMN® /RACTERISTICSs MOCUY
RASTZE-HZAT-RECOVEIY s DEMCNSTSA
WASTE-HEAT-RECIVERY # /ZMICAL-]
WASTE=-HEAT«“REJECTILNy EMITTER-
NATER=ALCCH™OL s, NECN—=CONCENSABLS
WATERI=CCTTON-WICK=-MATRIX ¥ /UID
AATER=34Sy CCAL s NUCLZAR-QSACT
nATZR-HEAT-PIPSY /XPEIIMSNTAL-

4

|

023027
950922
224714
022955
023039
02204¢C
020012
N40d1é
024014
35903$
020920
03101€
023023
050040
020009
024907
023042
030017
250036
03209¢
J24914
Nn2203¢
03101¢
322239

"04001s

040012
041013
032012
032007
030018
02303
023022
923024
023023
2220820
023030
923934
032010
040018
5200)e
010006
050032
0220646
021015
023022
92302¢
922038
n20019
023032
050039
0352331
022915
15002¢




RATURE-CCNTRCL,
RATUSE-CCATRCL,
LTILIZATICN,
TICAL-FESLLTS,
Cw-FREMCMENA,

CRARACTERISTICS,

CAS-BUFFERED,
CAS-BUF FERZC .,
FEAT ING=SYSTEMS,
MEASUFED-DATA,
FLLUID=-CYNAMICS,
COTTOCN=-WICK
ORGANIC-FLU IDSs
ECILING-LICUIDS,
TFERMAL-SFFIC IENCY,
NCN=-CCMNSTANT=-CFQOCVE—=WIDTF,
BCILIMNG-IN=-SPLITS,
MATFEVMAT ICAL-MCDELS,
INFRARED,

VESTICATICN,
QUATICNS,

=TRAN SFEF »
ERATURE,
R-ENERGY-CCLLECTCR,
T-TRANSMITTING-SLCT-CHANNELS,
FEAT-TRANSFER-CCEFFIC IENTS,
~TEMFERA/ LICULIC-EVAFCRATION,
NASA-LERIS~-RESEARCH=-CEMTER
‘CIECASTING-AIC,» CIE-COCL INGs
COMPATIEILITY-TESTS,
SPACE=-ARPL ICATIUONS,
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